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INTRODUCTION 
The northern corn rootworm, Diabrotica longicornis barberi, is 
a major p est of cor n in South D akota. It has one generation per year 
and overwinters in the so i l as an egg. The eggs hatch in J une and the 
larvae begin feeding o n  developing corn roots. The lo s s  of roots re­
duces the uptake of water and nutrie nts , which can red uce yields espe­
cially under dry conditions. Root pruning by the larvae al so weaken s 
the brace root system, which may cause the pla nt to lodge, making har­
vesting difficult. Corn is the preferred host plant, although larvae 
have bee n re port ed surviving on several other species of grasses 
(Branson a nd Ortman 1967, 1971). After pupation in the soil, adul ts 
begin to emerge in mid-July and co ntinue through August. The maies 
emerge three to five days before the females. Mating occur s shortly 
after the females emerge and oviposition begins 14 to 20 day s later. 
The ovipo sition period begins in early August and conti nues until the 
first killing fros t . The adul ts feed on fresh corn silks and poll�n 
but d i sp erse to feed on variOU$ flowering weeds and crops when fresh 
s i 1 k s and p o 11 en a r· e no 1 on g e r· a v a i 1 a b 1 e • 
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Recommendations for corn rootworm control include crop rotation 
o r  the use of a soil insecticide- Crop rotation is generally effective 
as a c ontrol mea sure because planting a crop other tha n corn results in 
lat'val mortality due to starvation. However, reports of the failure of 
crop rota tic n tc control corn rootworms have occurred in corn following 
small grains and f1ax (Kantack et al 1978). The postulated reasons 
for this occli.rrence were re1aterl to ttH� amount of weed gr-owth in the 
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stubble after harvest. Volunteer small grain and a number of weed 
species have been found attractive as feeding sites for adult corn 
rootworms and may also serve as oviposition sites. The environmental, 
edaphic and ground cover conditions responsible for attracting corn 
rootworms into these fields are not fully understood. The erratic 
occurrence of first year corn damage causes many farmers to treat first 
year cornfields with a soil insecticide as an insurance measure. This 
adds to the difficulty in obtaining an accurate estimate of first year 
corn damage in South Dakota. The objective of this study was to docu­
ment the extent of northern corn r-ootworm damage to corn following 
small grains, flax and soybeans and to examine factors involved in its 
occurrence. 
LI TERATURE REV I EW 
Hi s tory of  the  NCR P rob l em 
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T he north ern  corn rootworm ( NCR ) was fi rst reco rded as a pe s t  
of  c orn by Ril ey (1880). Pri o r  t o  thi s repo rt t h e  N C R  was k nown on l y  
t o  entomo l ogists as a common ,  harml ess  b eet l e fou n d  feedi n g  o n  v ari ous 
C omp osi t ae i n  the fal l ( F orbes 1 883 ) . The addi ti on  o f  c o rn as a ho st 
p l ant of the NCR prob ab ly oc c u r red b etween 1 865 an d 1 875 ( Web s t e r  
1 895).  H e  noted that b e fore 1860 , the  prai ri e regi o n s  of  Oh i o ,  
I n di ana ,  I l l i noi s ,  I owa and the eastern part s of  Neb ras k a  an d Kan s as 
were main l y  dev ot ed to g rowi n g  wheat . From ab out 1 865 o nward, c o r n  
rep l ac ed wheat as t h e  major c rop g rown i n  thi s regi o n . Thi s chan g e  i n  
c roppi n g  practi c es al l owed the  NCR to  ad apt to c o rn as i t s majo r ho st 
p l ant .  Fr·om i t s ori gi n  ( no rt hern or weste r n  I l l i n oi s ) the NCR rapi dl y 
expanded i ts ran ge eastward (Web ster 1 908 ) . I t  had  reac hed west ern 
I ndi a na by 1 885 and was found throughout Ohi o by 1 892 . I t s  wes tward 
mov ement is not we l l  doc umented . Chi an g an d F l as k ard (1 969 ) reported 
t hat t he NCR was first recorded i n  Mi n nesota i n  1 91 6. No record i s  
av a i l ab l e of the first  appearance  of  the NCR i n  So uth Dak ota. 
Ril ey ( 1 880) was the fi rst to suggest that c rop  rot at i o n  cou l d 
be used as a control measure for the NCR.  Thomas (1 882 ) al so  recom­
mended t hat c rop rotati o n  wo u l d g reat l y  reduce the damage caused by 
t he NCR . He obse rv ed t hat fi e l d s  i n  cont i n uous  c o rn i nc urred severe 
d amage, whi l e  da�age was non-exi stent  i n  new g roun d  or fi e l d s  pre­
v i ousl y planted to oat s . Forbes (1883) was the first to desc ri be the 
life hi story of the NCR and documented that i t  had only one gen erati on 
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per  ye ar.  Th i s con fi rmed the i de a  t hat  a si ng l e sea s o n  i n  a crop other 
t h an corn wa s suffic i ent  to contro l  the NCR . 
NCR Mov ement O ut s i de  the C orn fi e l d 
The  mov ement of NCR from corn to  v ari ous weed s o ut side  t he 
corn fi e l d ha s b een  frequent ly  ob serv ed .  Thomas (1882) Observ ed l arge 
numb ers of  NCR feedi n g  on c l ov er ,  ra gweed , thi s t l e ,  g o l den rod and  ot h e r  
Composi ta e .  Fo rb es (1883) not ed t h a t  a s  the c orn si l k s t u rn ed b rown 
more NCR were found  feeding on ra gweed , go l denrod and thi s t l e s  o ut si de  
the c orn fi e l d .  Forb e s  (1891) observ ed that NCR fema l e s  wou l d  l eav e the 
c orn to feed on v aMou s  weed s out si de  the cornfi el d ,  b ut �i posi t ed 
o n l y  i n  the corn . Si nce  he could not fi nd  NCR eg g s  out si d e  the  
c orn fi e l d ,  he rea soned that  the f�ma l es return ed speci fi c a l l y  to th e 
c o rn to  ov i posi t .  He  gav e no expl an ati on as to  why the y  returned for 
ov i po si t i on. Chi a n g  (1965) col l ected 176 s oi l samp l e s  from a l fal fa , 
s oyb ea n s , sorghums , oat s , pea s , squash , s u n f l owe r s , chrys a n themums and 
weeds  and  found onl y 18 egg s . He con c l uded that the NCR seen  vi si ti n g  
t hese pl ant s rarel y l ai d  egg s  near them .  Ci nersk i  and Chi a n g  (1968) 
s uggested that NCR l eft the  co rnfie l d  when food b ecame sc a rc e  to feed 
on weeds and other c rops i n  b l oom, b ut ret u rn ed to �i po si t i n  the c o rn 
whe n thei r ovaMe s mat u red . No -reason s were gi v en as  to  why the 
fema l es were attracted b ac k  to the corn for ov i pos i t i on . 
The majority of  NCR fo und  out si de  the cornfi eld are fema l e .  
Cinersk i  (1966) collected N CR outs i de the cornfie l d from v a rious  weed s 
and noted that the percentage of fema l es  i ncreased a s  t h e  sea son pro­
gress ed. On  August 9, 75% of the �CR col l ected we re fema l es and this 
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percentage  i nc rea sed to 100% by Septerrb e r  24. Simi 1 ar ly, Hi 1 1  and Mayo 
( 1 980) ob s e rv ed·that 96.4% o f  the  NCR c ol l ected from su n fl owe r s  and 
sma rtweed s were femal es .  
Hi l l  and Mayo ( 1 980 ) ob se rved that NCR  di s persed  more readi l y  
from cornfi e l ds  to  weedy oat stubb l e  o r  soyb ean fie l d s  whereas t h e  
western co r n  rootworm , Di ab roti ca  v i rgi fe ra ( WCR ) , mov ed mai n l y  b et ween 
c orn fi e l d s . Ad u l t counts  taken b ot h  i n  and out si d e  the co rnfi el d s  
s howed that the spec i e s  composi ti on  o f  rootwo rms � t hi n  the cor n  was 
62% WCR and 37% NCR,  whi l e  outsi de t he corn  i t  was 20% WCR and 75% NCR .  
ludwi g and Hi 11 (1975) stat ed t hat diffe rences  exi sted  in t h e  feedi ng 
b eh av i o r  of  the two s pec i es . Their re su l t s i ndic ated that the WCR was 
more_of a co rn l e af feeder , whe reas the NCR was foun d to feed mo re on 
po l len s of othe r p l ant s . Thi s s u ggested that adu l t  WCR we re more host 
s peci fi c to co rn than the NCR and may expl ai n some of  the di fferences  
in di s pe rsal hab i ts  b etween the two speci es . 
First Year C o rn Damage Foll owi ng Smal l G rai n s  
Report s o f  damage to fi r st year corn hav e occ u r red for al most 
100 years. I n  each i n stance, thP. damage was exp l ai ned as a rare 
occurrence. The fi rst repo rt of damage occ u r red foll owi n g  a fi e l d of 
s ev ere l y l odged oat s whi c h  had considerabl e reg rowth of v o l u nteer oat s 
after harv est  ( Forbes  1883). He s uggested that wh en  food b ec ame scarce 
in t h e  adjacent  co rnfi e l d , the NCR l eft the corn  to  feed on  the  v o l un­
teer oat s,  whe re they al so  l aid their eg g s .  Web s t e r  (1913) reported 
d amage to co rn foll owing c l ov e r .  He po st u l ated that whe n  food b ecame 
sc arc e i n  the  co rn, the NCR dis per sed to feed on the c l ov er b lo s s oms , 
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where  t h ey remai ned to  ov i pos i t .  I n  bot h i n st anc e s , t h e  l ac k  o f  food 
wa s the  s ug gested sti mulu s fo r di spe r s a l  from the co rn fi eld . Fo rbes 
{ 1 89 1)  s u g g este d  tha t fo r fi rst year damage to occ u r  i n  co rn  fo l l o� ng 
sma l l g ra i n s , a l a rge  NCR popu l ati on had to be pres ent  i n  the  co rnfi e l d 
adj acent to  the sma l l g rai n s  the  prev i ou s  yea r .  The  NCR  wou l d then 
di s perse from t hi s heav i l y  populat ed co rnfi e l d i nt o  the  sma l l g rai ns 
whe re they wo u l d  ov i po si t .  Bi g ger  ( 1 932 ) fo und NCR i n fe st a ti on s i n  
c orn fo l l owi ng oat s  t hat we re underseeded to sweet c l ov er .  He obse rv ed 
t hi s occ u r rence fo r t h ree success i ve yea r s  and con c l uded t h a t  i t  wa s an 
estab l i s h ed condi ti on.  
Tate  and Ba re ( 1 946) observ ed that  v o 1 unteer  corn growi ng i n  
sma l l g rai n st ubbl e ( es pec i a l l y  ba r l ey ) p rov i d ed suitable ov i position 
s i tes  fo r the  rootworms . Small g rai n fi elds that had large amount s of 
vol u!lteer  co rn du ri ng Augu st  and Septemb e r  had a hi gh  potenti al for 
c o rn rootwo rm damage the fo l l owi ng yea r .  Hed ri ck (1978) i ndic a ted tha t 
t he hei ght  of  weed s growi ng in the small g ra i n stubbl e i r.fluenced the 
n umb e r  of NCR adu l t s  found i n  the st ubbl e .  Weed hei ght s of 20 em or 
t a l l e r contai ned mo re adults than di d weed g rowt h s h o rter t h an 20 em. 
A t h ree year study i n  I l l i noi s in co rnfi e l d s  foll owi ng sma l l g ra i ns  
and  a l fa l fa conc l uded that c rop rotati on wa s st i l l  effec ti v e  i n  con­
t ro l l i ng c o rn rootwo rms ( Anonymous  1 981 ) .  Root damage rat i ng s t a ken 
i n  26 corn fi e l ds foll owi ng a l falfa and i n  30  c orn fi e l ds  fo l lowi ng  sma l l 
g ra ins s howed that t he  ec onomi c t h re s ho l d of  3 . 5  ( on t h e  1 -6 s c a l e ) was  
exc eeded only  onc e ,  wh"c h  wa s in corn  fo l l owi ng a l fal fa . N o  i ndi c ati on 
of the species of c o rn rootwo rms present  i n  each fi eld wa s gi v en .  
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Fi rst Yea r Co rn D amage Foll owi ng Soybeans 
NCR were fi rst  repo rt ed i nfe st i ng c orn fo l l owi ng soybea n s  by 
Gou l d (1971 ) . Shaw et a l  ( 1 978) s howe d t h at dama ge to corn fo l l owi ng 
soybean s  wa s re l at ed to  the amount of v o l u nteer  corn  present i n  the soy­
b ean  fi e l d duri ng the prev i ous  August . The ba s e  o f  the  v o l unt eer co rn 
p l ant  wa s t he  pre ferred ov i pos i ti on si te � th fewe r egg s  found between 
s oyb ean p l ants  wi thi n the  row . Adul t s  o f  bot h speci es of rootwo rms 
were present i n  the soyb eans , but egg samp l e s i nd i c at ed that  80% of a l l 
eggs  ov i po si ted in the soyb ean s  we re NCR . Root dama ge rati n g s  t a k en in 
c ornfi elds that  fo l l owed soybeans showe d that  ov i posit i on  occ ur red i n  
26 o f  2 7  fi e l d s  samp l ed. Howev er ,  economi c dama ge occurred i n  onl y one 
fi el d wi th an av erage root rati n g  of  4 . 0  ( on the 1-6 s cal e ) . 
Croppinq P racti ces  
Croppi ng practi c es hav e shown an  effect on  the  spec i es com­
posit i on of co rn rootwo rms i n  a cornfi el d .  Chi ang and  F l a s k a rd ( 1 969 ) 
observ ed co rn rootwo rms in 32% o f  fi rst  yea r corn fi e l ds  and 7 1 %  of the 
c onti n uou s  co rnfield s .  Fi r st  yea r  c o rn fi e l ds conta i ned 5 3% NCR whe rea s 
i n  continuo u s  co rn 1 9% we re  NCR . Hil l and Mayo ( 1 980 ) oose rv ed si mi l a r  
resu l t s  i n  Neb raska where they found the NCR  m ade u p  71 . 4% o f  t he c o rn 
rootwo rm po pu l ati on i n  corn fo l l -owi n g  oa t s , 52% fo l l owi n g  soyb ea n s  .and 
23.7% fol l owi ng  co rn. 
St i cky  T raps and Flight Act i vity 
Sti c ky t raps  h ve o ft en been used to moni tor  fl i g ht mov emen t s  
o f  i n s ect s  ( S out hwood 1 978 ) . The se t raps  a re u sefu l  i n  s i t uat i ons 
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where a l ternati v e  method s  a re i mp racti c a l . H owe et a l  {1 963 ) u s ed 
s t i c ky t ra ps to- dete rmi ne the  hei g ht of  NCR mov ement i n  co rn . Cy l i n ­
d ri ca l d rums pl aced  at hei ght s of  9 1 . 44 ,  1 82 . 88 ,  274 . 32 a n d  3 6 5 . 76 em  
ab ov e the  g round  i ndi cated  t h at  NCR acti v i ty occ u rred at a l l he i g ht s .  
Howev e r , t he  maj o ri ty of  acti v i ty occ u rred b e l ow 1 82 . 88 em . NC R mov e­
ment out s i de  the  co rn wa s i nv esti g at ed by Buysee {1 963 ) . H e  p l ac ed a 
t ra p  si mi l a r i n  desi g n  to that us ed by H owe et a l  {1 963 ) 3 . 04 m from 
t he  edge  of  a heav i l y  i n fested co rn fi e l d to mea s u re di s pe r s a l  from the  
c o rn .  H e  ob serv ed t hat  7 6 . 4% o f  t h e  NCR we re c a u g ht a t  9 1 . 44 e m  wi t h  
t h e  g reat est season a l  ac ti v i ty occ u rri n g  du ri ng t h e  second  week  o f  
Se ptenb e r .  Wi tkowsk i  (1 975 ) p l aced v erti c a l  sti c ky t ra ps i n  a soyb ean  
fi e ld  to moni to r the  m ov ement s of NC R and  WCR o ut si de  the  c o rn fi e l d .  
H e  ob se rv ed that  69% o f  a l l co rn rootwo rm b eet l es c a u g ht we re NCR and 
t hat  the  NCR sh owed an  acti v i ty peak i n  the  soyb e a n s  on Sept emb e r  1 2 .  
K a u fman n ( 1 966 ) p la c ed ha rdwa re c l ot h st i c ky t ra p s  i n  a l fa l fa fi e l d s  
t hat  we re adj ac ent to  cornfi e l d s  and  noted that  7 6 %  o f  t h e  c o r n  root­
worms c a ught  we re WCR .  Tol l efson  et al  (1 97 5 ) compa red t h e  effi c i ency 
of  di ffe ren t  si zes  and co l o rs of  cy l i nd ri c a l  sti c ky t ra p s  and found  
t hat  sti c ky t raps  � th a su rface  a rea  of 946 . 5 cm2 a nd pai n t ed ye l l ow 
were the  most effi c i ent  ba s ed on the  numb ers of c o rn rootworms cau g ht 
a nd the  cost  of em p l oyi ng  t hem .  
The  tim e  o f  day t h at  corn  rootwo rms a re most acti v e  i s  i mpor­
t an t  for i nv esti gati ve wo rk on thei r b eh av i o r .  K a u fmann  {1 96 6 ) ob­
s erv ed that th re e  tim es a s  many WCR and  two tim es  as  many NCR were 
acti v e  at ni g ht i n  comp a ri so n  to the  day . W i t k owsk i  et a l  (1 97 5 ) 
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determi n ed that WCR f l i ght acti v i ty i n  corn  was b i mod a l wi t h  act i v i ty 
peaks  t he  two to t h ree hou rs b efore s un set a nd a fter  s u n ri s e . N oc t u r­
na l fl i ght acti v i ty of  t he  NCR was fu rt her  defi n ed by G u s s  ( 1 976 ) . 
He found that  a l most a l l NCR  m a l es  res pondi n g  to pheromon e t ra p s  were 
caught at ni g ht . Si mi 1 a r  ly , Ba rte 1 t and Ch i a n g  ( 1 97 7 ) ob se rv ed that  
the  peak  res pon se  of  ma l e  NCR to  phe romone  t raps  occ u r red nea r 
mid ni ght . 
Env i ronment al factors  al so  i nf l uence  t he  fl i g ht act i v i ty of  
corn rootwo rms . W i t kows ki  e t  al ( 1 975 ) s t ated t h at  tempe rat u re s  b et­
ween 22° to 27°  C we re opt i mum fo r WCR fl i g ht acti v i ty .  B ru s s  {1 981 ) 
s howed that  i nt ra fi eld mov ement  by t he WCR was i n f l uenced mai n l y  by t he  
mean d ai ly  temp e rat u re and to a l es s e r  extent by b eet l e den s i ty . The 
g reatest acti v i ty occ u rred at temp eratu re s of  2 8° to  3 4° C .  V a n 
Woerkom and Tu rpi n {1 97 7) found t h at  takeoff by WCR d ec rea s ed a s  wi nd 
s peed s  i nc reased  and  wi nd  sp eed s g reat e r  than  1 . 5  m/s ec we re found to 
cont rol  the d i recti on of  WCR fl i ght . 
Ov i p osi t i on H ab i t s  of  C o rn R ootwo rms 
C o rn rootwo rm egg s  a re deposi ted b e l ow t he  soi l s u rface  wh i c h  
makes t he factor s  i nv o l v ed i n  ov i posi t i on si t e  se l ecti o n  di ffi c u l t  to 
d etermi n e .  Fe>rbe s ( 1 883 ) was the fi rst to  d ocument NCR ov i po s i t i on i n  
t he soi l near th e b a s e  o f  t h e  corn  pl ant . H e  fou nd th at mos t  egg s  were 
i n  the top 2 . 5 4 e m  of soil, b ut fema l es were ob se rv ed i n  t he soi l as 
d eep  a s  15 . 24 em . A l t houg h  he  nev er saw fema l es ov i po si t i n g , he  
ob serv ed seve ra l  femal es ex hau sted i n  the g round  i n  the mids t of a 
clu ste r  of  eggs. Thes e eggs we re foun d i n  g ro ups  of th ree to  ten  and  
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were s c attered th roug h a s pace  of  ab ou t  1 . 2 7  em i n  di amete r .  They were 
not fou nd i n  any speci a l  ce l l or  c av i ty .  Ki rk {1 979) was t h e  fi rst to 
actu a l ly  ob s erv e a c orn rootwo rm ov i post . H e  ob s e rv ed a W CR fema l e 
des c end i nto  an a rti fi c i a l  d rou g ht c rac k , wedge  her se l f i n  t h e  c rack  
and  then dep os i t two eggs . 
T h e  env i ronmenta l and edaphi c condi ti on s  mo st condu s i v e  fo r 
ov i posi t i on  a re not fu l ly u nde rstood . Tu rpi n et a l  (1972 ) s t ated that  
c e rtai n soi l condi ti o n s  and  ag ronomi c condi t i o n s  a ffec t ed t h e  deg ree of 
rootwo rm damage that occu rred i n  the  c o rn .  Th e pe rc en t ag e  of  clay i n  
s oi l ,  s oi l pota ss ium , soi l phosph o rus , s l ope , d rai n age of  fi e l d ,  
p la nti n g  date  and  p la n t  p o pu l at i on a l l had an a ffect on t h e amou nt of 
root damage . Ki rk et a l  (1 968) i nd i ca ted that  WCR ovi po si t i o n  was 
i n flu enc ed by the  co ndit i on of the  soi l at the  tim e  of ov i po sit i o n . 
Moi s t  s oi l ,  so i l  c rac k s  and  c l ods we re prefer red ov e r  d ry so i l or  
s moo t h  soi l su rf ac e  a s  ov i po si ti on  si t e s . Ku h l man (1970) determined 
that  s oi l mo is t u re and  soi l comp ac ti on affected c o rn rootwo rm 
ov i pos i ti on .  H e  f ou nd mo re egg s  i n  moi st soi l s  whic h were n ot 
c ompac ted . 
The  b a se o f  th e corn  plant h a s  often be en �en:ioned as the  ma i n  
ov i posi tio n site for co rn roo two rms .  W eb ste r (1913) noted t h at fem a l es  
l ai d  thei r  eggs in  s h a l l ow c rev i ce s  in the  g rou nd an d the �ggs we re 
commonly found among t he b race  roots of the  cor n  p l an t. S im i l a r con­
c ent rat i on s  of eggs a rou nd the b a se of th e corn pla nt wer e observed by 
Sis son  an d Chiang (1964). Kirk ( 1 975) d etermi ned that th e c o rn pl ant 
can di rect wa ter f rom few or  l i ght  rains to the soil at i t s  base. t�is 
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moi sture a l l ows  soi l c racks a round  the  b a s e  of  t h e  c o r n  pl ant  to  be 
uti l i zed as  ov i po si t i o n  si te s .  Ki rk (1981 b ) fu rt he r  i nv es t i g at ed the  
soi l condi ti ons  nec e ss a ry fo r co rn rootwo rm ov i po si t i o n  to occ u r  and  
stated that  corn rootwo rms need ed moi st  sub su r face  soi l and a way to 
get to i t .  D roug ht c racks , e a rt hwo rm b u rrows and  c racks a ro u n d  soi l 
c l od s were po s s i b l e ways the co rn  rootwo rms cou l d get t o  t h e  moi s t  sub ­
surface soi l (K i rk 1 97 9 , 198la , 1 981 b ) . I f  t h e s e  soi l cond i t i o n s  we re 
not present , rootwo rm ov i po si t i on  wou l d not occur . He a l so  noted that  
the ba se of  the  c o rn st a l k i ts e l f showed no s peci a l  att racti o n  to the  
beet l es a s  an ov i pos i t i on  si te , un l es s  t h e  prev i ous l y  stated  soi l con­
di t i ons  were pre sent . 
Pate l  and App l e (1 967) st udi ed the  v erti c a l  di s t ri b uti on  of  NCR 
eggs i n  a co rn fi e l d and noted that 92. 8% of the NCR  egg s  rec ov ered  i n  
the top 1 5. 24 em of soi l we re fo und  � t hi n 1 0 . 1 6  em of  t he  s u rfac e .  
The maj ori ty o f  eggs concent rated wi t hi n 2 . 54 em and 7 . 62 em of t h e  
. surface . They suggested  t h at egg deposi ti on  wa s p rob ab l y i n f l uenced by 
the dept h of soi l c rack s .  Ch i a ng  (1965 ) obse rv ed si mi l a r res u l t s and· 
found that  90-96% o f  NCR eggs  we re wi t hi n 1 0 . 1 6  em of the  soi l su rface .  
F o st e r  et a l  (1 97 9) noted a si mi l a r v e rti c a l  di s t ri b ut i on  o f  egg s  and  
s h owed t hat samp l es ob tai n ed from soi l cracks cont ai ned  mo re eggs  and  
were found deepe r than  those  samples taken  wh ere no  c racks exi sted . 
Chi ang  (1 965 ) exami n ed the  ho ri zont a l  di s t ri b ut i o n  of  NCR egg s  
i n  corn and fou n d  t hat  the  majo ri ty a f  egg s  we re c oncent rated next t o  
t h e  bas e  o f  the  c o rn plan t .  Pate l  and App l e  (1 967 ) s t ated  t hat  most 
NCR eggs we re ov i pos i ted in the  corn row wi t h  1 e s s e r  amoun t s  found 
b etween c o rn rows . 
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Ti l l age p racti c es can  si gni fi c ant l y  alter  th e v e rti c a l  di st ri ­
buti o n  of  corn rootwo rm eggs whi c h  a ffects  t he  way t h a t  egg samp l es a re 
ta ken . Pate l  and  Ap p l e {1 96 7} s howed t h at b efo re mo l db oa rd p l owi n g , 
88% o f  NCR egg s ( i n  c o rn ) were l oc ated wi t hi n 7 . 62 em of  t h e  surfac e 
b ut a fter  pl owi ng  no eggs were found b etween 0 a n d  7 . 62 em, 63% were 
found  b etween  7 . 62 em and 1 5. 24 em and  37% were fou n d  b etween  1 5 . 24 em 
and  22 . 86 em . Chi a n g  {1 96 5 ) a l s o  ob serv ed si mi l a r c h a n ge s  i n  egg 
di stri buti o n  b efo re a nd  a fter  mo l db oa rd pl owi n g . 
V a ri ous  samp l i n g  met hod s hav e b een  used  t o  qua nti fy the  n umbe r 
o f  c o rn rootwo rm egg s  i n  the  soi l .  Howe and S h aw (1 972} u s ed a b u l b  
setter , h a nd  t rowe l and  go l f c up cutter  t o  ob tai n soi l samp l es from 
cornfi e l d s  and  found that  combi ni n g  1 0  or  20 s ub s amp l e s  to  p rov i de a 
s i ngl e composi te  samp l e reduced the  v a ri ab i l i ty i n  t h e  popu l ati o n  den­
si ty fi gure . Fo ster et al (1979} compa red fi v e  s amp l i ng met h od s to 
determi ne  whi ch one wou l d  be the most effi ci ent wi t h  reg a rd to  v a ri ab i ­
l i ty and ti me i nv o l v ed i n  sampli ng.  Th e met hods  we re the  no rmal c o re , 
modi fi ed co re, t rowe l , spade  and  frame met hod.  They found t h at t h e  
n o rma l core wa s the  most  effi ci ent  ti me wi s e, b ut t h e  frame met h od wa s 
rec ommended as the  most acc u rate . 
MATE R IAL AND METHODS 
1 980 F i e l d Sea son  
A .  C o rn R ootwo rm Adul t Eme rgence T raps 
Eme r gence t raps  we re p l aced i n  t h ree corn fi e l d s  to  det ermi n e  
the speci es  o f  corn  rootwo rm res pons i b l e  fo r fi rst  yea r corn  damage .  
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Fi e l ds  A and  B we re pl an ted t o  soyb ea n s  i n  1979 a n d  we re l oc at ed nea r  
F reeman , Sout h D a kota . Fi e l d C wa s prev i ous l y  i n  oat s a n d  wa s l oc ated 
nea r Howa rd ,  Sout h D a k ot a . The  t raps  we re si mi l a r i n  des i g n  to those  
desc ri bed by Mus i c k  a nd  Fa i rc hi l d  (1 970 ) wi t h  one  modi fi c ati o n . 
I n st ead of an  openi n g  i n  the  sc reeni n g  th roug h whi ch t h e  corn  p l ant  
coul d conti nue to grow , the  pl ant  wa s cut off  at  g roun d l ev e l a n d  a 
conti nuous  pi ec e of fi b e rg l ass  screeni n g  wa s p l aced ac ro s s  t h e  t o p  of 
the t ra p  ( c utti n g  the  corn p l a nt  had no affect on  the numb e r of WCR 
that eme rged pe r p l ant  wh en  compa red to uncut p l a nt s un d e r  arti fi c i a l  
i n fest ati ons .  Jame s Fi s he r , No rt hern  G rai n I n sec t s  L ab , B rooki n g s , 
- Sout h Da kota , Per so n a l  Communi c ati on ) . Th ree t ra p s  we re p l aced at 
di stances  of  20 ,  40 , 60 and 80 mi nto the corn  from the ed g e  of  the 
fi e l d to determine i f  di stance from a c o rn fi e l d the previ ous yea r  
i n fl uenc ed the  amount o f  corn  rootwo rm ovi posi ti on  i n  ei t h e r  t he  
soyb eans  or  oat s. Tra ps we re checked one  o r  two ti mes  pe r week from 
Jul y  1 to S ept ember 5 a n d  b eet l e numb e rs were recorded by s peci e s . 
B. Root Damage Rati ngs F rom F i rst Y ear C o rn fi e l ds 
R oot damage rati n g s  we re taken  i n  mi d-August to  qua n ti fy t h e  
sev e ri ty of damage t o  fi rst  ye a r  corn .  Root s we re  dug from ni n e  
c orn fi e l ds ,  of  wh i ch fi ve we re previ �usl y i n  a sma l l g rai n a n d  four 
I ,:. r� fi; 19 
..._. c 'j ;,._, v 
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were p rev i ou s l y  i n  s oybean s .  Th ree rep l i c ates  o f  fi v e  roo t s  were 
obtai n ed from di st a nc e  i nt e rv a l s of 1 3, 2 7, 40 and 90 m i nt o  the 
c orn fi e l d to  dete rmi n e  i f  si gn i fi c a nt di ffe rences  exi s ted between th e 
amount  o f  root damage  that  occ u rred at the  v a ri ou s  di s t a n c e s  i nt o  th e 
c o rn that  we re prev i o us l y  i n  soyb ea n s  o r  sma l l g rai n s .  R oo t s  we re 
wa shed and rated on the 1 - 6 s c a l e ( Hi l l s  a nd  Peters  1 97 1 ) . I n fo rmati on 
on  c ro p  hi story and soi l i n sec ti c i de  use wa s ob t ai n ed from the fa rmer . 
C .  C o rn R ootwo rm A du l t F i e l d S u rv eys 
Co rnfi e l d s  we re s u rv eyed i n  ea r l y  Au g u s t  i n  ea stern  Sout h 
Da kota fo r adu l t c o rn rootwo rm po pu l ati on s .  Fi eld s s e l ected  fo r these 
s u rv ey s  we re l ocated adjac ent to a sma l l grai n or  soybea n  fi eld . 
Beet l es  we re counted us i n g  the wh o l e pl ant  count met hod  (Ku hlman 1 976) 
on 50 c o rn p l ant s ra ndoml y chosen i n  a one hecta re bl oc k o f  c o rn im­
medi a te l y  adjac ent to  the  sma l l g rai n s  or  soyb ean s . Beet l es  were not 
c ou nted on p l ant s i n  the ei g ht b o rder rows . Twenty- fi v e  fi e l d s  wi th 
h i gh beet l e  den si ti es  we re se l ec ted fo r fu rt her  ev a l u at i on  and we re 
di v i ded i nto  two stud i e s . The  soyb ean st udy con si st ed of ei g ht 
corn fi e l d s  and  b o rd e ri ng  soyb ean fi e l d s  l oc ated i n  H u t c hi n s on Co unty 
( nea r F reeman ) . The  small g rai n study i nclu ded 1 7  c o rn fi eld s and  
thei r adjac ent smal l g rai n st ubble fi e l d s  loc ated i n  Mi n e r  Coun ty 
( near  H owa rd ) , Lake County ( nea r Ramona ) , and  K i ngsb u ry Cou n ty ( nea r 
O l dham ) . 
Eac h fi e l d sel ec ted fo r fu rt her  ev a l uat i on  wa s s u rv eyed four 
more ti mes ( after the  i n i ti a l su rv ey ) from Augu st  1 3  to S e pt enbe r 9. 
Thi s a 1 1  owed oo serv ati on  of  the sea so ·n a  1 cha nges  o f  the  root  wo rm 
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popu l ati o n s  i n  the corn , st ubb l e  and soyb ean s . The fo 1 1  owi n g  samp l i n g 
p roc edu res were· used on eac h s u rv ey date . Ad u l t co rn rootwo rm count s 
were tak en by the  methods  prev i ous l y  desc ri b ed .  At t he  same ti me , corn 
rootwo rms we re col l ected �th  a sweep net i n  the  soyb ean s  o r  st ubb l e .  
Twenty- fi v e  sweeps we re  taken  at eac h di stance  i nt e rv a l of  1 3 ,  2 7 ,  40  
a n d  90 m from the  edge  of  the  corn  to determi ne  i f  di s tance  i n f l uenced 
c o rn rootwo rm mov ement i nt o  the soyb ean s o r  st ubb l e . D e sc ri pti o n s  of 
eac h soyb ean and  st ubb l e  fi e l d we re made i ndi c ati n g  the  den s i ty , hei g ht 
a nd spec i e s  of  the weeds  present . Weed den si ty i n  soyb ean fi e l d s  w e re 
c l a s si fi ed si mi l ar to the  desc ri pti o n s  used by Shaw et a l  ( 1 978 )  and 
were as  fo l l ows : Den se= 1 0  or mo re b road l ea f w eeds m2 or 2 5 or mo re 
g ra s s e sjm2 ; Moderate=5 b road l eaf  w eed s/m2 o r  1 0  g ra s s e s/m2 ; Spar s e=! o r  
l es s  br oad l eaf  weeds/m2 o r  5 o r  l es s  gr a s s es/m2 . Rat i n g s  u s ed to 
desc ri b e  st ubb l e  we ed den si ty we re a rb i t ra ri l y  ass i gned  as fo l lows: 
D en se=l6 o r  more g ra s s e s  o r  b road l eaf  weeds/l /4m2; Moderate= 9 - 1 6  
g ras s es or  b road l eaf  weeds/l /4m2; Spa rse=0-8  g ra s s e s  o r  b road l eaf  
weeds/l /4m2 . 
D .  C o rn R ootw o rm E gg S amp l i ng 
Soi l samp l es  wer e tak en i n  6 s oyb ean and 1 2  sm al l g ra i n stubb l e  
fi e l d s  th e l a st week  of  Sept emb er to dete rmi n e  i f  ov i po siti o n  occ u rr. ed 
i n  these fi e l d s . Soi l sam pl e s  we re ob tai ned wi t h  a go l f c up  c ut t e r  
p ro ducing  cyl i n d ri c a l  cores  1 0 . 16 e m  di ameter b y  1 2 . 70 em l on g . Th ree 
repl i c ates  we re ob tai n ed from eac h di s tance  i nterv a l  of 1 3 ,  27 , 40 , and 
90 m i nto th e soyb ean s  or s t ubb 1 e and from 1 3 ,  2 7 and 40  m i nt o  the  
bor de ri ng cornfie l d . A rep l i c ate cons i sted  of  comb i ni n g  10 randoml y  
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Obtai ned co res , s i fti ng  t hem t h rough  a 6 . 3 5 mm sc reen ( t o  remov e c l od s 
and v egetati on )  a nd  t h o rough l y  mi xi n g  them wi th  a h a nd  t rowe l . A 0 . 5 
sub samp l e of soi l wa s remov ed fo r mac hi ne  proc es s i n g  acc ordi n g  to  the 
m et hods of Sh aw et a l  ( 1 976 ) . Al l samp l es ob tai ned  from the  soyb ean s  
were ta ken  i n  t he  row , b etween the  row an d at  the b a s e  of  v o l unteer  
corn p l ants  ( i f p resent ) .  Samp l es  tak en i n  the  sma l l g rai n stubb l e  
were ta ken  � thout  reg a rd to v e getati on as  the  fi e l d s  had  b een  ti l l ed 
prior to  samp l i n g .  
1 981 Fi e l d Seas o n  
A. R oot Damage Rat i ngs F rom C o rnfi e l d s  P rev i o u s ly i n  S mal l G rai n s  
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Sma l l g rai n fi e l d s  s u rv eyed fo r adu l t  corn rootwo rms i n  1 980 
were exami ned i n  1 981  for rootwo rm damage .  Fou rteen  o f  sev ent een  
fi e l d s  s u rv eyed i n  1 980 were p l anted to corn  i n  1 98 1 . Root damage 
ratin gs we re made i n  ear ly  Augu st  i n  1 0  o f  t h e  1 4  fi e l d s . Root s we re  
not dug  from t he  remai ni n g  fou r  fi e l d s  due  to mi n i mal root  damage .  
Four repl i cates  o f  fi v e  roo t s we re ob tai ned i n  eac h di s t a nc e  i nt e rv a l 
o f  1 3 , 2 7 ,  40 and 90  m i nt o  t h e  corn fi e l d .  The s e  di stances  c o rres pond 
wi t h  the l ocati on s wh e re sweep net counts  and soi l samp l e s we re taken 
i n  t he  st ubb l e  i n  1 980 . Root s we re rated u s i ng the  1-6 s c al e ( Hi l l s  
a nd  Peters  1 97 1 ) .  I n secti c i de u s e  i n fo rmati on  was ob tai n ed from the  
farme rs . 
B. Soyb ean S t u dy 
The soyb ean st udy was di sc onti n ued i n  1 981  t o  a l l ow b et te r  
a l l oc ati o n  of reso u rces t o  t h e  smal l grai n st udy .  Only t hree o f  ei ght 
soyb ean fi e l d s  s urveyed i n  1 980 were pl anted  to c o rn i n  1 981 . 
C .  Sti c ky T raps 
Adu l t NCR ac ti v i ty i n  sma l l grai n st ubb l e  was moni t o red � t h 
sticky t raps . Traps we re  made from . 946 1 cy l i nd ri cal cardb oard 
c ontai ners . Eac h contai n e r  was pai nted ye l l ow (Coast to  Coa s t® 
H a rdwa re pai nt  co l o r: Su n s pot  Q5-64U) and attac hed  to a 2 . 54 em by 6 . 08 
em by 1 82 . 88 em pin e po st  ( pai nted  the  same co l o r ) at hei g ht s  of  60 . 96 ,  
1 2 1 . 92 a n d  1 82 .88 em . Traps we re pl ac ed i n  th ree smal l g rai n st ubb l e  
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fi e l d s  t hat we re adj ac ent  to  a co rn fi e l d (al l th ree fi e l d s  we re l ocated  
nea r O l dham ) . Fi e l d 1 was a harv ested oat fi e l d that  was b o rdered on  
t he s ou t h  by c o rn .  Fi e l d 2 was a ha rv ested bar l ey fi e 1 d wi t h  c o rn 
l ocat ed to  the  no rt h .  Fi e l d 3 was a harv ested bar l ey fi e l d that was 
b ordered by co rn on the  ea st  si d e .  Eac h  fi e l d had  NCR popul ati o n s  
g reat e r  than si x b eet l es/p l ant  a s  dete rmi ned by fi e l d su rv ey s  conducted 
in earl y  Aug u st us i n g  the  50 p l ant  count  met hod . I n  eac h fi e l d, fi v e  
t raps we re pl ac ed at di s tance  i nt e rv a l s o f  1 0 ,  3 0 , a nd  50 m i n to the  
stubb l e  from the  ed ge  of the  adjac ent corn fi e l d .  App roxi mat e l y  12 m 
separated eac h t rap wi t hi n a di stance i n t e rv al . Tac k Trap® Adhesiv e  
was app l i ed to eac h cy l i nder  wi t h  a pai nt b rus h .  NCR we re c ount ed 
ev e ry fi v e  to sev en days at whi c h  ti me each  t rap  \'Ja s c 1 eaned  and  
rec oat ed wi t h  new adhesi v e . T raps we re p l aced i n  eac h fi e l d th e sec ond 
week of  Aug u s t  and we re remov ed Sept emb e r  9.  
D.  NCR Ov i posi tion i n  Cages  i n  Sma l l G rai n Stubb l e  
NCR b eet l es  we re cag ed i n  two smal l g rai n fi e l d s  (Fi e l d 
l=wheat , Fi e l d 2=b ar l ey ) t o  test  potenti a l  ov i pos i t i o n  si te s i n  sma l l 
g ra i n st ubb l e . The si t e s  tested we re: ( 1 ) sma l l g rai n stubb l e  wi t h  
con s pi c uous  d rought c rac k s ; ( 2 ) stub bl e ��t hout d roug ht c rac k s ; a nd 
(3 ) mol db oa rd plowed g round . Stubb l e  con si sted of h a rv es t ed b a rl ey ·or  
wheat , v o l untee r b ar l ey o r  wh eat  and foxtai l s . D ro u g ht c rac k s  were 
defi ned as nat u ra l  soi l cracks ra nging i n  si ze from 6 . 3 5  mm to 2 5 . 4 mm 
wi de  and up  to  152 . 4  mm deep . Mo l db oa rd p l owed g round wa s v oid of 
g reen v egetati on . 
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C ages  were b ui l t  � t h 2 . 54 em by 1 0 . 1 6 em pi n e  b oards . Th e 
c age di men si on s  were 60. 96 em l on g  by 60. 96 em wi de � t h si de s 7 6. 2 em 
high. Fi b erg l a s s  screeni n g  wa s used to cov er the c a g e  a nd  wa s sec ured 
with 2 . 54 em l at he .  L atex cau l ki n g  wa s appl i ed to any oth er open i n g s  
a nd soi l wa s pl aced around t h e  b a se  o f  eac h cage  t o  prev ent  t h e  b eet l e s 
f rom esc api n g . Four cages were pl ac ed over eac h pot e n ti a l  ov i pos i ti on  
site te sted i n  each fie l d .  
Approxi mat e l y  1 2 5 NCR were pl ac ed i n  eac h  c age  t h e  l a s t  week 
of Aug u st . Th e NCR c o l l ec ted i n  Fi e l d 1 a l l came f rom the adj ac ent  
cornfi e l d .  I n  Fi e l d  2 ,  90% of  the  NCR co l l ec ted were from wil d 
sunfl owe rs  growi n g  adjac ent to  the  corn fi e l d ,  whi l e  t he  remai n i n g  NCR 
were co l l ect ed i n  the  corn . No food wa s pl aced i n  any of  the cag e s . 
Du ri n g  the  fi rst week o f  Sept emb er an ot her 75 NC R were added to eac h  
c age t o  mai n t ai n a suffi c i e n t  number o f  b eet l es  i n  eac h c a g e . 
Cages  were remov ed i n  mi d- Sept emb er a nd  soi l samp l es  were t a k en 
to determi n e  i f  ovi posi ti on  had occurred . Soi l sampl es  were obt ai n ed 
with a soi l auger that  co l l ected cyl i ndri c a l  cores 7 . 62 em di ameter by 
1 5 . 24 em l on g . Four repl i cates  were taken i n  eac h  cage  � t h a repl i ­
c ate  cons i st i n g  of two cores t h a t  were si fted and mi xed si mil ar to the  
methods descri bed in  P art D ( 1 980) . A 0. 5 1 subsampl e of  soi l wa s 
remov ed and proc e s s ed by t he  met hods of  S haw et a l  ( 1 976) . Soi l 
samp l es  taken  in st ubb l e  � t hout  drought cracks and  from mo l db oard 
p l owed ground were taken  ran dom l y .  Soi l sampl es  obta i n ed from dro ug ht 
c rack s  were taken  di rect l y  on the  crack.  
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E. NCR Ov i posi ti on  i n  Sma l l Grai n Stubb l e  
To dete rmi n e  NCR ov i po si t i on  hab i t s  under nat u ra l  condi t i o n s  i n  
smal l g rai n stubb l e , soi l sampl es  were taken  i n  si x fi e l ds i n  Oc tob e r .  
I n  eac h  fi e l d a n  area o f  unt i l l ed st ubb l e  {80 m wi de x 1 00 m l on g ) was  
l eft adj acent  to a corn fi e l d ,  whi c h  a l l owed soi l sampl e s  to  be  taken 
from undi st u rb ed st ub b  1 e. The  s ame potent i a l  ov i po si t i o n  si tes  tested 
in P a rt D {1 981 ) were ev a l uated under fi e l d condi t i o n s  to  a l l ow com­
pa ri son  b etween caged and uncaged ov i posi ti on  hab i t s  o f  the  NCR. 
Sampl i n g met hods were modi fi ed to i ncrease  the c h a n c es for eg g rec overy 
pe r sampl e .  Modi fi c ati on s  were b a sed on researc h on  t h e  v erti c a l  
di st ri b uti o n  of  NCR egg s  i n  corn . {P atel and Appl e 1 96 7 ;  Fo s t er et a l  
1 979) .  Drought  cracks were sampl ed � t h a soi l auger 7 . 67 em di amet er 
by 1 5 .24 em deep .  S tubb l e  wi t h out drou ght cracks and  ch i s e l  pl owed 
fi e l ds were sampl ed � t h a gol f cup cutt er 1 0. 1 6 em di amet er by 1 0 . 16 
em l ong . Mo l db oard pl owed grou nd wa s s ampl ed � t h a go l f cup  cutter 
. 10 . 1 6 em di ameter by 1 5 . 24 em l on g . 
A factori a l  de sign  wa s u sed for each pot ent i a l  ov i pos i ti o n  si t e  
tested i n  whi c h  t hree repl i c ates  ( s ampl es ) were ob t ai n ed from eac h  
distance  i nterv a l o f  2 0 ,  4 0 , 60 and 80 m i nto the st ubb l e  from the edg e  
o f  the  adj acent  corn fi e l d .  A repl i c ate cons i sted of  screen i ng  and  
mixi n g  1 0  c ores si mi l arl y to  the  met hods descri b ed i n  P art D ( 1 980). A 
0 . 5 1 s ub samp l e wa s remov ed and proc es sed accordi ng  to the  met hods of  
S h aw et  a l  ( 1 976 ) . 
RESULTS 
1 980 F i e l d Sea son  
A .  C orn R ootwo rm Adu l t E me rgen c e  T raps 
The  NCR wa s t h e  domi n a n t  rootwo rm spec i es  t rapped i n  t h ree 
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fi e l d s  of  fi rst  yea r  c orn a s  s h own i n  Tab l e  1 .  Th e NCR wa s t h e  on l y  
speci es  trapped i n  fi e l d s  B and  C a n d  96.3% o f  t hose t ra pped i n  fi e l d 
A. No di ffe renc e wa s fou n d  i n  the  numb e r  of b eet l e s  t h a t  we re trapped 
a s  di s t a nc e i n to  the  fi e l d i nc reased .  Fi gu re 1 s h ows t h e  cumu l at i ve 
percent  emerg enc e of NCR i n  fi rst  year c o rn fi e l d s  du ri n g  1 980 . NCR 
first appea red i n  t raps on  Ju ly  1 9  at  a l l three l ocat i o n s. Fi el d 
obse rv ati o n s  made prior to th i s i ndic ated NCR we re pre s en t  i n  each 
fi e l d b efore they were obse rved i n  traps . The fi r s t  NCR wa s ob served 
in fj e l ds A an d B on Ju l y  14 a n d  fi e l d C on  Jul y  16. Peak NCR 
emergenc e  (the date when 50% o f  t h e  NCR had  eme rg ed } occ u rred on 
approximately Jul y 26 ( fi e l d A ) , Ju l y  27 ( fiel d B) and A u g u s t  2 ( fi eld 
c). 
Tab 1 e 1 .  Number of corn rootwo rm adu l t s  t rapped i n  fi e 1 d cages  i n  
fi rst year corn fi e l d s  duri n g  1 980. 
# CR W caught/di s tance (m) from fi eld edge 
P rev i o u s  % Each Av e. # 
Field c roE 0-20  20-40 40-60 60 - 80 spec i e s  CR W/TraE 
A Soyb ean s 66 106 80 63 96 . 3% NCR  24 . 75 
3 .  7% ��CR 
8 Soyb ea n s  75 54 1 1 3  55 1 00 . 0% NCR  2 5 . 4 1 
c Oat s 27 61  36  42 1 00 . 0% NCR 13.83 
� 
m 
""'S 
(') 
ro 
:3 
C"+ 
0" 
ro 
ro 
C"+ 
__, 
ro 
m 
3 
ro 
""'S 
l.C 
ro 
::5 
(') 
ro 
100 
90 
80 
70 
60 
10 
Figure 1. Cumulative percent emergence of corn rootworm adults in field traps in first year 
corn, 1980. 
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B. R oot Damage R at i ngs F rom Fi rst  Y e a r  Corn fi e l ds 
Root rati n g s  taken  i n  ni n e  fi r st yea r  corn fi e l d s  ( four were 
p rev i ous l y  i n  soyb ean s and fi ve we re prev i ous l y  i n  a sma l l grai n ) 
i ndi c ated t h at cor n  rootwo rm l a rv a l feedi n g  damage oc c u rred i n  a l l 
fi e l ds s ampl ed (Tab l e s 2 and  3 ) . Economi c dama ge ( rati n g s  ab ove 3 . 0  
on  the  1-6 s c a l e ) was found i n  on l y  two corn fi e l ds fo l l owi n g  sma l l 
g rai n s  wi t h root rat i n g s  of  3 . 56 a nd 3 . 03.  Av erage  root rati n g s  
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ob tai n ed from eac h di stanc e  i nterv a l i n to  the corn fi e l d s  prev i ous l y  i n  
sma l l g rai n s  o r  soyb ea n s  s h owed t hat  no  si g ni fi c a n t  di fferences  exi s t ed 
b etween rati n g s. Three fi e l ds were treated � t h a soi l i n s ect i c i de 
whi c h  may hav e l owe red the amou n t  of  damage that  occ urred wi t hi n eac h 
fi e l d ,  b ut the  extent of  dama ge prev ented wa s not determi ned. Howev er , 
t he damage t hat  occ urred i n  the  treated fi e l ds di spl ayed si mi l ar pat -
t e r n s  of  root  dama ge as  fi e l ds not treated , t hus no  att empt wa s made to 
sepa rate l y  a n a l yze the  root ratin g s  from treated and  untreated fi e l ds. 
Tab l e  2 .  Root damag e  rati n g s  from fi rst yea r  corn fi e l d s  fo l l owi n g  
sma l l g rai n s ,  1 980 . 
Fi e l d 
1 
2 
3 
4 
5 
Av e .  
R oot rat i n g s  
Di s t a nc e  (m) from edge  of  c orn fi e l d 
Prev i o u s  crop 0- 13 13- 2 7  2 7 -40  40-90  
Oat s  
Oat s  
Oat s  
Oat s  
Wheat  
1 . 53 
1 .  93 -
1 . 20 
4 . 07 
1 . 87  
2 . 1 2  
1 . 20 
2 . 1 3  
2 . 67 
3 . 87 
3 . 7 3 
2 . 72 
1 . 46 
2 . 33 
2 . 60 
3 . 40 
3 . 20 
2 . 64 
1 . 20 
2 . 2 7 
2 . 33 
2 . 73 
3 . 33 
2 . 4 1  
*Soi l i n secti ci de wa s app l i ed at pl anti n g  
Av erage  
1 . 4 0* . 
2 . 1 6  . 
2 . 20 
3 . 56 * 
3 . 03 
Tab l e  3.  Root damag e  ra ti ng s from fi rst year corn fi e l ds  fo l l owi n g  
s oyb ea n s ,  1980 . 
Di s t a nc e  m c orn fi e l d 
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Fi e l d 0- 1 3  1 3-27 40-90 Av erage 
1 2. 73 2. 60 2. 33 2. 53 2. 55 
2 1 . 1 3 1 . 26 1 . 06 1 . 06 1 . 1 3 
3 2. 26  2. 73 2. 73 2. 1 3  2 . 46* 
4 2 . 60 2 . 46 2 . 26 2. 6 7  2 . 50 
Av e .  2 . 1 6  2 . 26 2 . 1 0 2. 1 0  
*Soi l i n sec ti c i de  wa s appl i ed a t  pl a nti n g  
C .  C orn R ootworm Adu l t S urv eys 
R ootworm popu l ati o n s  i n  corn fi e l ds b ord eri n g  soyb ea n s  ra n ged 
from 1 . 62 to 7 . 72 b ett l es per pl ant  ( Tab l e  4) , whereas  the  rootworm 
popu l ati o n s  i n  corn fi e l ds b orderi ng  sma l l grai n st ubb l e  ran ged from 
2. 40 t o  1 1 . 68 b eet l e s per pl ant  ( Tab l e  5 ) . Fi e l d hi s tori e s  ob ta i ned 
from each farmer i n di cated t h at the  maj ori ty of the corn fi e l d s  s u rv eyed 
in b ot h  studi es  were fi rst year corn {Tab l es 4 a n d  5 ) . On l y  four corn­
fi e l ds ( two i n  eac h st udy ) were i n  conti nuous  corn . The  hi g h  numb ers 
of corn rootworm adu l t s  ob serv ed i n  fi rst  year corn su ggest s t h a t  ov i -
pos i ti on  i n  soyb ean fi e l ds and  sma l l grai n st ubb l e  common l y  occurred 
t he prev i ous  year. NCR were the  most common spec i e s  fou n d  i n fest i n g  
fi rst year corn . NCR made u p  100% o f  t he rootworm popu l ati o n  i n  corn 
fo l l owi n g  sma l l grai n s  and  96 . 7% o f  t he  popu l ati on  i n  corn prev i o u s l y  
i n  soyb ean s .  WCR comp ri sed 1 4% o f  the  rootworm popu l ati on  i n  two 
fi e l ds i n  t h e  soyb ean  st udy that  were ·previ ou s l y  i n  corn . 
Tab l e  4 .  NCR adu l t count s t egq count s and  fi e l d desc ri pti ons  from ei g ht soyb ean  fi e l d s  and  adj ac ent 
c o rnfi e l ds . 
S oyb e a n fi e l d d e s c ri pti o n s  Av e .  # e g g s /  
NCR  a du l t  c ou n t s  W e e d  rati  n gb__ 0 . 5 1 o f  s oi 1 
Hi g h e s t # N C R  Hi g h e s t # NCR /  Domi n a n t  
Fi el d P rev i ous c rop / p l a nt i n  c o rn sweep i n  s oyb e a n s  weed s a G ra s s e s  B road l e av e s C o rn Stubb l e  
1 
2 
3 
4 
5 
6 
7 
8 
Co rn 
Soyb eans 
C o rn 
Soyb ean s  
O a t s  
Soyb ean s  
Di v e rted Ac res 
Soyb ean s 
7 . 7 2 
4.64 
3 . 2 6 
3 . 00 
2 . 2 0 
2 . 1 8  
1 . 80 
1 . 62 
*Weed s p re s e n t  i n  0 - 1 3  m i nt e rv a l on l y  
0 . 5 5 
0 . 40 
2 . 5 1 
0 . 52 
0 . 2 3 
0 . 84 
0 . 6 1 
0 . 2 0 
G F T  Spa r s e  
GFT , V o l . Mod e ra t e  
C o rn 
CB , SF , S p a r s e  
R W  
GFT S p a r s e  
GFT , PW , Mod e r a t e  
LQ , FB 
GFT , CB S p a r s e  
G F T , CB , D e n s e  
S F  
G F T  Spa rse 
Sp a rs e  
S p a r s e  
Den s e* 
Spa rse 
S p a r s e  
Sp a r s e 
De n s e 
Spa rse 
8 . 1 1  0 . 09 
1 6 . 1 1  0 . 2 5 
2 6 . 3 3 0 . 7 5  
3 . 00 0 . 09 
1 1 . 1 7  0 . 4 2  
6 . 33 0 . 6 7 
aG F T  = G reen foxtai l ;  V o l . c o rn = V o l u nt e e r  c o rn ; CB = C oc k l eb u r ;  SF = Wi l d  s u n f l owe r ;  RW = C ommo n  
r a gweed ; P W  = R e d root pi gweed ; LQ = L amb s q u a rt e r s ; FB = F i e l d bi n dweed . 
b o en s e  = 1 0  o r  mo re b ro ad l ea f weed sjm2 o r  2 5  o r  mo re g ra s s e s / m2 ; 
Moderate  = 5 b roa d l ea f wee d sjm2 o r  1 0  g ra s s e s/m2 ; 
S p a r s e  = 1 o r  l e s s  b road l eaf  weed s/m2 o r 5 o r  l e s s  g ra s s e s/m2 
N 
<.T1 
Tab l e  5 .  NCR adu l t  count s , egg counts  and fi e l d desc ri pti ons  from 1 7  smal l grai n stubb l e  fi e l d s  and 
adj acent co rnfi e l ds . 
Av e # eggs/ 
NCR adu l t  c o u n t s  Sma l l grai n fi e l d desc ri pti o n s  0 . 5  1 o f  S oi l 
Hi ghest # Hi ghest # 1 980 Smal l Date  and 
P rev i ous  NCR/ p l a nt  NCR/ sweep grai n stubb l e  D omi nant  Weed Av e .  weed type of 
F1 el d c rop ( 1 979) i n  corn i n  stubb l e  c rop weeda rati ngb h ei ght  (em) ti l l ageC C o rn Stubb l e  
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
Oats  
Oat s 
Oat s 
O;t t S  
Oat s 
F l ax 
Oats  
Wheat 
Oat s 
Wh eat 
Oat s 
Corn 
Oat s 
Co rn 
Oat s 
Oats 
Oats 
*No data av ai l ab l e  
1 1 . 68 
9 . 96 
9 . 96 
8 . 48 
7 . 88 
7 . 22 
6 . 56 
6 . 44 
5 . 74 
5 . 66 
5 . 30 
5 . 20 
4 . 78 
4 . 74 
4 . 68 
4 . 52 
2 . 40 
2 . 03 
2 . 4 1 
2 . 75 
5 . 72 
3 . 53 
0 . 28 
2 . 92 
0 . 65 
0 . 66 
0 . 6 5 
1 . 48 
0 . 88 
0 . 85 
0 . 55 
* 
* 
1 . 69 
Oats  
Wheat 
Oat s 
Wheat 
Rye 
F l ax 
Oats  
Ba rl ey 
Oat s 
Wheat 
F l ax 
�Jheat 
Ba rl ey 
Hheat 
Wheat 
Oat s 
Oats  
GFT  Moderate 
YFT Den se 
A l fa l fa* D en se  
GFT Moderate 
GFT , PSW , Den se  
RT 
GFT 
GFT 
GFT 
YFT  
YFT  
SF , Vo  1 
A l fa l fa 
Moderate 
Moderate 
Mode rate 
Mode rate 
Spa r s e  
Spa rse 
YFT Moderate 
GFT , RT Moderate 
YFT  Den se 
None Spa rse 
None  Spa rse  
Al fa l fa* Dense  
4 1  
4 1  
4 1  
4 9  
38 
26 
3 5  
25 
36 
26 
46 
41 
46 
46 
0 
0 
4 1  
P/8- 2 8  1 1 . 33 
P /9 - 9  14 . 44 
* 
P /8-28  
P /9- 1 5  
C P /8-30  
P /9- 1 
CP/8- 1 0  
P /8-30  
P /8-29  
* 
1 3 . 33 
22 . 00 
4 . 1 0  
1 4 . 00 
1 2 . 20 
1 6 . 1 1  
1 1 . 55 
C P /8- 1 4  1 2 . 33 
* 4 . 33 
C P /8- 1 5  
P /8- 1 5  
P /8- 1 5  1 2 . 55 
* 
aGFT = G reen foxtai l ;  YFT = Yel l ow foxtai l ;  Al fa l fa* = Underseeded to al fa l fa ; PSW = Pen n sy l v ani a 
sma rtweed ; RT = Ru s si a n thi st l e ; Vo l . Al fa l fa = Vol u nteer a l fa l fa ;  SF = Wi l d  su n f l ower 
boen se = 1 6  o r more g ra s ses o r  b road l eaf weeds pe r 1 /4 m2 
M o d e r a t e  = 9- 1 6  g ra s ses  o r  b ro a d l ea f  weeds  pe r 1 /4 m2 
S p a rse  = 0-8 g ras ses  or  b road l e a f  weed s pe r l /4 m2 
ccp  = C h i s e l  pl owed 
P = M o l db oa rd p l owed 
1 . 1 7  
1 . 67 
0 . 1 7  
0 . 33 
0 . 42 
1 . 33 
0 . 09 
1 . 00 
0 . 6 7 
0 . 42 
0 . 33 
1 . 00 
0 
N 
0'\ 
2 7  
Fi g u re 2 s hows t he  n umb er o f  corn  rootwo rm ad u l t s  cou nted o n  50  
corn pl a nt s  on eac h su rv ey date i n  fi e l d s  adj acent t o  soyb ean s  o r  sma l l 
g rai n st ubb l e . The t rend i n  a l l fi e l d s  showed a l a rg e  dec l i n e  i n  corn  
rootwo rm numb e r s  aft e r  the  si l k s had  d ryed and tu rned  b rown . Thi s 
occu r red p ri o r  to the Augu st  1 2  s ampl i n g date i n  t he  soyb ea n  st udy and  
August  13  i n  the  sma l l g rai n st udy .  
NCR we re the domi n an t  rootwo rm spec i es  present  i n  sweep net 
counts  i n  soyb ean s and sma l l g rai n st ubb l e . A l t houg h  the WCR 
compri sed up to 1 4% of  t he  rootwo rm popu l ati on  i n  c o rn t hat  b o rde red 
soyb ean s ,  l es s  than  1% of t he  rootwo rms caught i n  sweep  net s were WCR .  
Sweep net cou n t s  ranged  from 0 . 20 t o  2 . 5 1 NCR pe r sweep  i n  t he  
soyb ean s ,  whe reas  numb e rs i n  the  stubb l e  ranged from 0 . 2 8 t o  5 . 72 NCR  
per  sweep ( Tab l es 4 and  5 ) . A compa ri son . b etween sweep net count s from 
t he soyb ean s  and  the  numb e r of NCR adu l t s counted pe r p l a n t  i n  t h e  
adj ac en t  co rn fi e l d showed n o  appa rent re l ati onsh i p ( Tab l e  4 ) . Howev er , 
when NCR n umbe r s  ob ta i n ed pe r sweep i n  the  st ubb l e  we re compa red to  
b eet l e cou nts  i n  the  adj acent  corn , a t rend wa s ev i dent  ( Tab l e  5 ) . S i x 
of sev en  cornfi e l d s  wi t h  b eet l e cou n t s  of 6 . 56  NCR pe r  p l ant  o r  hi g he r  
a l so  had  corres pondi n g  sweep net cou nts  of 2 . 00 NCR pe r sweep o r  
g reater .  
Sweep n et  cou n t s  and  weed rati n g s  ob se rv ed i n  t he  soyb ean s  
s howed no appa rent rel ati o n s hi ps  ( Tab l e  4 ) . The  maj o ri ty o f  fi e l d s  
contai n ed on l y  sc atte red pat c he s  of weed s . Thi s ,  c ou p l ed wi t h  l ow 
sweep net cou n t s  ( l es s  t h a n  1 p e r  sweep ) , made  any mean i n gfu l com­
pa ri sons  di ffi c u l t .  S i mi l ar l y ,  i t  wa s di ffi c u l t to  fu l l y a s s e s s  t he 
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Fi gure 2 .  N umbe r  of CRW a d u l t s  co u n te d  on 50 co rn p l a n t s  o n  e a c h  s u rvey 
date i n  f i e l d s  a dj a c e n t  to s oybea n s  o r  smal l g ra i n s tu b b l e ,  
1980 . 
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Da te of fi e l d cc u n t s  
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i nfl u ence  of weed hei g ht and  den si ty on NCR numb ers  i n  the  st ubb l e  b e­
cause  dates  and methods of ti l l a ge  we re not consi s t a nt  b etween fi e l d s  
{Tab l e  5 ) . Ti l l ag e  date s  ran ged from A u g u st 1 0  t o  S ept emb e r  1 5 ,  whi c h  
resu l ted i n  l es s  t h a n  fou r  samp l i n g dates  i n  some fi e l d s .  Sweep  net 
count s were not conti n u ed a ft e r  a fi e l d wa s mo l db oa rd p l owed , b ut cou l d 
sti l l  b e  taken  aft e r  a fi e l d wa s c hi se l ed . Howev er , sweep  n et coun t s  
taken i n  c hi s e l ed fi e l d s  were l owe r b ec au se  l es s  v eg etat i o n  wa s l eft i n  
t he fi e l d .  Bec a u s e  of th i s ,  o n l y  gen e ra l  ob se rv ati o n s  we re  made con­
cerni ng  the affec t that  weed hei g ht  a nd den si ty had on NCR  n umb e rs i n  
t he st ubb l e . 
Weed hei g ht , a nd  to a l e s s e r  extent weed den si ty ,  appea red to 
i n fl uence the numb e r  of NCR c au g ht � t h a sweep net i n  the st ubb l e . 
The data  p re sent  i n  Tab l e  5 s hows that  mo re NCR we re c a ug ht when  weed 
hei ght s av e raged 35 e m  or hi g he r  and weed rati n g s  we re mode rate  o r  
den se .  The se  condi ti o n s  were  present  i n  fi e l d s  t hat  we re n o t  t i l l ed 
u nti l l ate  Aug u s t  o r  ea r l y  Septemb er ,  whi c h  a l l owed mo re ti me  fo r 
reg rowth i n  the  st ubb l e  aft e r  ha rv est . Conv er se l y ,  fi e l d s  t h a t  we re 
ti l l ed i n  ea r l y  August  had l es s  reg rowt h and sub sequent l y  l ower NCR  
n umb ers . Weed speci e s  a l so  i n fl uenced the  numb er of NCR present . Ob ­
serv ati on s  s howed that  NCR  were found  i n  l a rge numb e rs i n  sma l l ,  den se 
sta nd s  ( often  1 0 m2 or l es s  i n  si z e )  of P en n sy l v an i a sma rtweed { P ol y­
gonum pen syl v an i c um ) , Ru s s i an  t hi st l e (Sa l sota ka l i ) ,  koc h i a ( K oc hi a 
scopa ri a )  a n d  � l d sunfl owe r ( He l i a n t h u s  a n nuu s ) , e spec i a l l y  when  
b l oomi n g . Howev e r ,  the sma l l si ze  and  u nev en di s t ri b uti o n  � t hi n  a 
fi e l d of these  weed st ands  made  samp l i n g � t h a sweep net i mp racti c a l . 
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The  most ab u ndant  weed speci e s  i n  most st ubb l e  fi e l d s  we re g reen fox-
tai l (Seta ri a v i ri di s ) or ye l l ow foxta i l ( Set a ri a l ut esc en s ) . A l t ho ug h  
t hey di d not att ract a s  many NCR pe r un i t a rea a s  t h e  prev i o u s l y  men-
ti oned weed s , NCR we re cons i stent l y  c a ug ht i n  st a n d s  of the s e  two weed 
speci e s .  Thi s i ndi c ated t hat  foxtai l s  a re i mpo rta n t  sou rce s  of food 
a nd  cov er fo r NCR i n  the st ubb l e . 
A di s ti nct  b o rde r  a ffect of NCR  adu l t s wa s ob s e rv ed a s  di s t a nce  
from t he  edge of the  co r nfi e l d i nto  t he  soyb ea n s  o r  st ubb l e  i nc rea sed 
( Tab l e 6).  The  hi g he st pe rc entage  of  NCR ( 48 . 2% )  were  cau g ht wi t h  a 
sweep net b etween 0 - 1 3  m i nt o  the  soyb ean s � t h a steady dec l i n e  i n  
n umb ers  as  di s tance  i nc rea sed from t he  edg e  of t he  c o r n fi e l d .  A si mi -
l a r patte rn occ u rred i n  t he  st ubb l e  wh e re 30 .3% of  t h e  NCR  we re c a u g ht 
b etween 0 - 1 3  m ,  wi t h  l ower numb e rs c a u g ht as  di st a n c e  i nto  t h e  st ubb l e  
i nc reased . 
Tab 1 e 6 .  P e rc entage  of NCR  c au g ht wi t h  a sweep net at fou r  di st a n ce  
i nt e rv a l s  i nt o  soyb ean s or  sma l l g rai n s  st ubb l e  i n  1 980 . 
P e rc entage  of  N C R  c a u g ht pe r di s t a nc e 
{m} i nt e rv a l f rom edge of  c o rn fi e l d 
C roQ 0- 1 3  1 3- 2 7  2 7-40  40- 90 
Soyb ean s 48 . 2% 24 . 3% 20 . 6% 1 6 . 4% 
Sma l l G rai n s  30 . 3% 24 . 1% 2 6 . 4% 1 9 . 2% 
A s e a so n a l  patte rn of NCR  mov ement from co rn i nto  adj ac ent  
soyb ean s  or  sma 1 1  g rai n st ubb l e  wa s ev i dent a nd  i s  s hown i n  Fi g u re 3 .  
Sweep net counts  taken  on fou r  samp l i n g dates  i n  soyb ean s  i n d i c a ted  
t hat peak  NCR mov ement occ u r red on Au gu st  26 . Si mi l a r l y , peak  NCR 
acti v i ty i n  sma l l g rai n st ubb l e  wa s reco rded on Aug u s t  2 9 .  No  data  wa s 
3 1  
F i g u re 3 .  To t a l  n um b e r  o f  N C R  c a ug h t  wi th a sweep n e t  o n  v a ri o u s  s amp l i n g 
da t e s  _ i n soy bea n s  a n d  smal l g ra i n s tu b b l e ,  1 980 . 
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8/ 1 2  8/ 1 7  8/ ? 2 8/ 2 7  9/ 1  9/6 
Date o f  Co l l ec t i on 
av ai l ab l e  for the  fourt h sampl i n g date  i n  the st ubb l e  b ec au s e  a h i g h  
numb er of  fi e l ds we re ti l l ed b etween t h e  thi rd and fo urt h sampl i n g 
date s . 
D .  C o rn R ootworm Egg Sampl i ng 
32 
Soi l sampl es  taken  i n  si x soyb ean fi e l ds i ndi c ated t h a t  t h e  
av era ge numb er of  e g g s  recovered per 0 . 5  1 of soi l ran ged from 0 . 09 to  
0 . 7 5 wi t h  an overa l l  avera ge  of 0 . 3 7 5  eggs  per sampl e (Tab l e  4 ) . I n  
c ont rast , sampl es  ob tai n ed i n  adj ac ent  corn fi e l ds ave ra ged from 3 . 00 t o  
26 . 33 e g g s  per sampl e wi t h  an  overa l l  average  of  1 1 . 84 e g g s  per sampl e .  
2 7 . 8% o f  a l l sampl es taken  i n  the  soyb ean s and 88 . 9% o f  a l l s ampl e s  
ob tai n ed i n  t h e  corn contai n ed a t  l ea st one egg .  Soi l sampl es  obt ai ned 
in 1 2  sma l l grai n st ubb l e  fi e l ds sh owed the  avera ge  n umb e r of egg s  
recovered per sampl e ran g ed from 0 . 09 t o  1 . 67 wi th a n  averag e  of 0 . 7 1 5  
eggs  per sampl e (Tab l e  5 ) . Th e avera ge  numb er of egg s  rec overed per 
s ampl e from the adj acent corn fi e l ds ran ged from 4 . 1 0 t o  22 . 00  wi t h  a 
c omb i n ed av erage  of 1 2 . 26 eggs  per sampl e .  31 . 25% o f  t h e  sampl es  taken  
in the  st ubb l e  and 99 . 1% o f  those  obt ai ned i n  the  corn conta i ned egg s . 
Due to l ow egg numb ers ( l es s  t han  1 egg  per sampl e ) rec overed i n  t he  
s oyb ea n s  a nd  st ubb l e , no  att empt wa s made to  compare them  to adu l t 
c ount s ob ta i ned � t h sweep n et s , weed rati n g s , or to  det ermi n e  i f  ovi ­
posi t i o n  wa s i n f l uenced by di stance  i nt o  the st ubb l e  or soyb ea n s . 
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1981  Fi e l d Sea son  
A. R oot Dama ge R ati ngs F rom C o rn fi e l d s  P rev i ou s ly i n  Sma l l G rai n s  
Root rati n g s  i ndi c at ed that  l a rv a l feedi n g  dama ge wa s ev i dent 
i n  1 0  of  14  co rn fi e l d s  p rev i o u s l y  i n  sma l l grai n s  ( Tab l e 7 ) .  Root 
rati ng s  hi g her  than 3 . 0  were con si dered to be ab ov e t h e  economi c 
t h re s ho  1 d and we re ob se rv ed i n  si x fi e 1 d s  wi t h  root rat i n g s  ran gi n g  
from 3 . 01 t o  3 . 69 .  Fou r oth e r fi e l d s  had feedi n g  damage  b el ow t h e  ec o­
nomi c th resho l d wi t h  root rati n g s  b etween 2 . 36 a nd  2 . 88 .  The feedi ng 
damage that  occ u rred i n  fi e l d 4 ( 2 . 88 )  di d not occ u r  wi t hi n the s t udy 
a rea  b ut c ame from fou r  unt reated rows l oc ated j u s t out si d e  t he  st u dy 
a re a . N o  damage  wa s ob se rv ed i n  the  study a rea . C o rn root s  were not 
ob tai ned from the  remai n i n g  fou r fi e l d s  b ec au s e  oo se rv ati o n s  mad e  
d u ri ng pre l i mi n a ry samp l i ng  i ndi c ated that  on l y  mi n o r  feedi n g  damage  
had  occu rred and  fu rthe r  ev a l u ati on  wa s not  nec es s a ry .  
T h e  ana l ysi s o f  root rati n g s  wa s comp l i cated  by t h e  fac t  t h at  
1 0  of 1 4  fi e l d s  we re t reated wi th  a soi l i n secti ci d e  a t  p l a n ti ng . 
Conv ersat i ons  wi t h  i ndi v i du a l  fa rmers i ndi c ated that  many of t hem 
app l i ed l ess  than  t he  fu l l  rat e  of i n secti cde  whi c h  may exp l ai n some of 
t he hi gh  root rati n g s  i n  t reated fi e l d s . S i nce  no unt reated rows we re 
l e ft i n  each fi e l d ( except fi e l d 4 ) , no compa ri son s  cou l d  b e  made b e­
tween t reated and unt reated areas  wi t hi n a fi e l d .  
Root rat i ng s  ob tai n ed from ni ne  fi e l d s  we re an a lyzed  t o  dete r­
mi ne i f  di s t a nce  from the  co rn the  prev i ou s  yea r affec ted  t h e  amoun t  of 
root damage  (Tab l e  7 ) . The  av era ge  root rati n g s  ob t ai n ed from di s ­
tanc es  u p  t o  90  m i nto  t h e  c o r n  v a ri e� from 2 . 7 7 a t  0 . 1 3 m to  3 . 1 7  a t  
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Tab 1 e 7 .  R oot damage rati n g s  i n  fi rst yea r  corn fi e l d s  fo l l owi n g  sma l l 
g ra i n s  i n  1 981 . 
R oot R ati ngs 
D i stanc e (m) i n to  c o rn 
Hi g hest # NCR/p l ant  
Fi e l d 0- 1 3  1 3- 2 7  27-40 40- 90 Av erage i n  c o rn i n  1 980 
1 2. 75 2. 85 3 . 30 3 . 30 3 . 0 5* 1 1 . 68 
2 2. 55 2. 80 2 . 05 2. 3 5  2 . 44* 9 . 96 
4 2. 88a* 8 . 48 
5 b* 7 . 88 
6 3 . 1 5  3 . 05 2 . 80 3 . 05 3 . 01 * 7 . 22 
7 2. 50 3 . 85 2 . 3 5 3 . 65 3 . 09 6 . 56 
8 2. 85 2 . 30 3 . 1 0 2 . 85 2 . 78* 6 . 44 
9 3 . 1 0 3 . 1 0 3 . 55 3 . 05 3 . 20 5 . 74 
1 0  b* 5 . 66 
1 2  b* 5 . 20 
1 3  b* 4 . 78 
1 4  3 . 35 4 . 3 5 3 . 70 3 . 3 5 3 . 69* 4 . 74 
1 5  2. 70 3 . 80 3 . 75 4 . 00 3 . 56 4 . 68 
1 6  2. 00 2 . 4 5 2 . 30 2 . 70 2 . 36 4 . 52 
Av erage 2 . 77 3 . 1 7  2 . 98 3 . 1 4 
* Soi l i n secti c i de  used 
a Root s c ame from unt reated rows out si de st udy area  
b Mi n o r  root  damage  ob se rv ed 
3 5  
1 3- 2 7  m .  Howev er , the  di fferences  b etween root rati n g s  were not 
si g ni fi c ant . Al t houg h fi v e  of ni n e  fi e l d s  were t reated � th a soi l 
i n secti c i de , the  damage  that  occ u rred i n  the s e  fi e l d s  exhi b i t ed si mi l a r 
pattern s  of damage as  i n  fi e l d s  not t reated . Becau s e  of th i s no 
attempt wa s made  to an a lyze  the  root rati n g s  from t reated  fi e l d s  
s epa rate l y  from fi e l d s  not t reated . 
B .  Sti cky T raps 
The  maj o ri ty of NCR we re caught on sti c ky t ra p s  60 . 96 em ab ov e 
the  soi l su rface  wi t h  dec rea s i n g  numb ers cau g ht as  hei g ht i nc rea sed  
( Tab l e  8 ) . A n  av erage  of 1 69 . 5 N CR  we re c a ug ht per t ra p  at 6 0 . 96 em , 
87 . 1  NCR pe r t rap  at 1 2 1 . 92 em and  6 3 . 1 NCR pe r t rap  at 1 82 . 88 em .  
These  di ffe rences  we re not  stati sti c a l l y  si g ni fi c ant . Tab l e  9 s h ows 
t hat  the  numb e r  of NCR c aught dec rea sed as di s tance  i nt o  the  st ubb l e  
i nc reased wi t h  t he  hi g hest nu�b e rs c a ught on t raps  p l ac ed 1 0 m i nt o  the 
stubb l e  and the  l owest numb ers  at 50  m .  Th ese  di ffe rence s , howev e r ,  
were not si gni fi c ant . The numb e r  of NCR c a u g ht on sti c ky t raps  wa s 
g reater  wi t h  hi ghe r NCR  popu l ati o n s  i n  the  adj acent corn fi e l d s .  Tab l es 
8 and 9 s how that  fi e l d 1 h a d  the  l owest b eet l e cou nt  per p l a n t  i n  t he  
c o rn and a l s o  the  l owest nu�b er of NCR  c a u g ht on sti c ky t ra p s . I n  
c ont rast , fi e l d 3 h ad the  hi g hest b eet l e count  i n  t he  c o rn a nd  the  
l a rgest  numb er of NCR c aught on sti c ky t raps . Tab l e  10  s h ows data  on 
t he ti me of day that NCR  we re most acti v e  i n  st ubb l e . R e s u l t s  from the 
sti c ky t raps i ndi c ate  that  94 . 3% o f  NCR mov ement i n  st ubb l e  occ u rred 
b etween 8 P . M . and 8 A . M .  On l y  5 . 7% of the NCR  were c a ug ht d u ri ng  the 
dayl i g ht hou rs . 
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Tab 1 e B .  Numb er o f  NCR c a ug ht on sti c ky t ra ps i n  sma l l grai n st ubb 1 e 
fi e l d s  p l ac ed  at v a ri ous  hei g ht s  ab ov e the g round . 
Hi g hest # # NCR c a ug ht/hei ght  rem� 
Fi e l d NCR /el ant  60 . 96 1 2 1 . 92 1 82 . 88 Tot a l  
1 6 . 86 990 862 783 2635 
2 7 . 82 1 281 975 74 7 3003 
3 9 . 66 5355  2084 1 3 1 1  8750 
Tota l  7626 3921 284 1 
Tab 1 e 9 .  Numb e r of NCR c au g ht on sti c ky t raps  p l ac ed at v a ri ou s 
di stances  i nto  sma l l g rai n st ubb l e  fi e l d s  from the  edg e  of  
t he corn . 
H i g he st # # NCR  caught/di s t a nc e  rm� f rom fi e l d b o rde r 
Fi e l d NCR /el a n t  1 0  30 50 Tot a l  
1 6 . 86 1 1 0 1  856 678  2635 
2 7 . 82 1 385 938 680 3003 
3 9 . 66 3951  2887 1 9 1 2  8750 
Tota l  643 7 4681 32 70 
Tab 1 e 1 0 .  Numb er  o f  NCR c a ught o n  sti c ky t raps  i n  sma l l grai n stubb 1 e 
fi e l d s  at di fferen t ti mes of day . 
N umb e r  of  NCR c a ug ht/ti me o f  da� 
Fi e l d 8/1 9 AM 8/1 9 P M  8/20 AM 8/20 P M  
1 C l eaned 0 14  3 
2 C l eaned 66 2 
3 C l eaned 2 1 36 1 7  
8/2 1  AM 
1 9  
69 
91 
Tot a l  
# NCR c a ught 
D at N i ght 
3 33 
2 135  
1 9  227  
24 395 
( 5 .  7% ) ( 94 . 3 7% ) 
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The mov ement of NCR i nto  sma l l g rai n st ubb l e  as dete rmi ned  wi th  
sti c ky t raps i s · s hown i n  Fi gu re 4 .  NCR mov ement p ri o r  t o  Augu st  1 5  was  
l ow ,  b ut i nc reased as the co rn matu red i n  eac h fi e l d .  The  hi g he st n um­
b e r  of NCR we re reco rd ed on Septemb e r 2 i n  fi e l d s  2 a n d  3 a n d  Septem er  
9 i n  fi e 1 d 1 .  The 1 ate r  di s persa 1 i n  fi e 1 d 1 p rob ab l y  occ u r red b ec a u s e  
the  adj ac ent co rn wa s sti l l  green , whe rea s t h e  c o r n  adj acent  to fi e l d s  
2 a nd 3 wa s d roug ht st res s ed and wa s tu rni ng  b rown . 
C .  NCR Ov i posi t i on i n  C ages i n  Sma l l G rai n Stubb l e  
Tab l e  1 1  s h ows that  an  av erage  of 6 . 10 NCR eggs  pe r 0 . 5  1 of 
s oi l we re recov e red from soi l samp l es taken on d ro u g ht c rack s  i n  t he  
stubb l e  compa red to 5 . 3 5 eggs  pe r samp l e from st ubb l e  � t h no  d ro u g ht 
c rack s  and  4 . 57 eggs  pe r samp l e from mo l db oa rd p l owed  grou n d .  lowe r 
egg  numb ers  rec ov e red from ca ges p l ac ed ov er  p l m'led  g round  wa s po s si b l y 
t he res u l t of the  l ac k  of  food and  cov er .  Al t hough  di ffe renc e s  exi sted  
i n  egg  numb ers , they we re not  si g ni fi c ant . 
D .  NCR Ov i pos i ti on i n  Sma l l G rai n Stubb l e  
Tab l e  1 2  p resents  data on the numb e r  of NCR eggs  ob tai ned  from 
soi l samp l es  taken on d rought  c rac k s  i n  the st ubb l e . Egg  numb e rs 
ran ged from 1 . 50 ( fi e l d 6 )  to  3 . 83 ( fi e l d 5 )  eggs  per 0 . 5  1 samp l e wi t h  
a combi ned av erage  o f  2 . 68 egg s per samp l e .  Si mi l a r res u l t s  were 
ob tai n ed from soi 1 samp 1 es  taken  i n  st ubb 1 e wi t hout d ro u g ht c rac k s  
( Tab l e  1 3 ) . Egg  numb er s  ra nged from 1 . 50 (fi e l d 6 ) t o  3 . 9 1 {fi e l d 5 )  
eggs pe r samp l e wi th an  ov e ra l l av erage  of 2 . 65 .  Tab l e  1 4  s hows t h at  
l owe r egg numb e r s  we re rec ov ered from -mol db oa rd or  ch i s e l  p l owed 
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F i g u re 4 .  To tal n umbers  of N C R  caug ht on s t i c ky tra p s  on va r i o u s  s ampl i n g 
dates  i n  sma l l g ra i n  s t u b b l e fi e l d s  adj a ce n t to c o rn , 1 98 1 . 
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Tab 1 e 1 1 . NCR ov i posi ti on under  caged condi t i o n s  i n  sma l l g rai n  st ubb 1 e .  
Av e . # o f  eggs /0 . 5  l of s oi l l 
D rou ght No d rou ght P l owed 
Fi e 1  d C a ge # c ra c k s  C age # c rac k s  C age # G rou n d  
1 1 3 . 50 5 1 . 25 9 8 . 50 
2 1 2 . 25 6 4 . 25 1 0  7 . 00 
1 
3 2 . 50 7 21 . 2 5 1 1  9 . 7 5  
4 6 . 2 5  8 1 4 . 25 1 2  5 . 2 5  
Av e .  8 . 63 1 0 . 25 7 . 63 
1 0 . 50 5 3 . 25 9 0 . 75 
2 1 . 50 6 1 . 75 1 0  1 . 25 
2 
3 3 . 7 5  7 1 . 00 1 1  1 . 00 
4 2 . 50 8 1 . 7 5  1 2  3 . 25 
Av e .  2 . 07 1 . 94 1 . 50 
Two Fi e l d Av e ra g e  5 . 35  6 . 1 0  4 . 57  
1 Ba sed  on fou r 0 . 5 l sa mp l es /c age  
Tab  1 e 1 2 .  Numb er  o f  NC R egg s  rec ov ered from soi l samp l es  ta k en o n  
d rought c ra c k s  at  fou r di s t a nc e  i n t e rv a l s i n t o  the  sma l l 
g rai n st ubb 1 e ,  1 98 1 . 
# NC R eg g s/0 . 5  1 of 
Hi ghe st # s oi l /di s t a nce  {m� T ot a l  # Av e # egg s/0 . 5  1 
F i e l d N C R /�l a n t  0-20 20-40  40-60  60-80 eggs / fi e l d o f  s oi 1 / fi e l d 
1 9 . 66 6 7 5 14  32 2 . 6 7 
2 7 . 82 1 2  7 1 1  2 32 2 . 67 
3 6 . 86 8 8 3 1 4  33 2 . 75 
5 5 . 96 1 3  8 6 1 9  46 3 . 83 
6 5 . 04 7 2 3 6 18  1 . 50 
Tot a l  46 32 28 55  1 61 2 . 68 
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T a b  1 e 1 3 .  Nurm e r o f  NCR e g g s  rec ov e r ed f rom soi 1 sa mp l e s  t a k en wh e re 
no d ro u g ht c rac k s  we re p r e s e n t  at fo u r  di s t a n c e  i n t e rv a 1 s 
i nto.  t h e  sma l l g ra i n st ubb 1 e ,  1 98 1 . 
# NCR e g g s / 0 . 5  1 o f  
Hi g he st # s oi l /di s t a n c e  (m} Tot a l # Av e # e g g s /0 . 5  l 
F i e l d N C R /�l a n t  0 - 2 0  2 0 - 4 0  4 0 - 6 0  60- 8 0  eggs / fi e 1 d o f  s oi 1 / fi e 1 d 
1 9 . 66 8 1 3  8 8 37  3 . 08 
2 7 . 82 1 2  8 4 3 27  2 . 25 
3 6 . 86 5 5 1 0  1 0  30  2 . 50 
5 5 . 96 1 2  1 1  1 3  1 1  47  3 . 91 
6 5 . 04 1 5 5 7 18  1 . 50 
Tota l 38 42 40 39 1 5 9  2 . 65  
Tab l e 1 4 .  Numb e r  o f  NCR e g g s rec ov e red from soi l samp l e s  t a k e n  f rom 
m o  1 db c a r d  or c hi se 1 p l owed st ubb l e  at fou r di s t a n c e i n t e r-
v a l s i n t o  t h e  sma l l g rai n st ubb l e , 1 98 1 . 
# NCR eg g s/0 . 5 1 of 
Hi g h est # s oi l / di s t a n c e  {m ' Tot a l  # Av e # e g g s /0 . 5  l 
Fi e l d NC R /�l a n t  0- 20 2 0 - 4 0  4 0 - 6 0  6 0 - 80 e q g s / fi e 1 d o f  s oi l / fi e l d  
1 9 . 66 6 1 6 8 2 1  1 . 75 
2 7 . 82 5 4 2 8 1 9  1 . 58 
3 6 . 86 2 5 5 7 1 9  1 . 58 
4 6 . 1 6  1 3 3 3 8 0 . 67 
5 5 . 96 1 6  6 8 1 3  43 3 . 58 
6* 5 .. 04 0 
Tot a l  30 1 9  24 37 1 1 0  1 . 83 
* N o  data av a i  1 a b  1 e 
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fi e l d s . Egg  numb e rs ra nged from 0 . 6 7 ( fi e l d 4 )  t o  3 . 58 ( fi e l d 5 )  eg g s  
pe r samp l e wi t h · a n  ov e ra l l av erage  of  1 . 83 egg s per samp l e .  86 . 7% o f  
the samp l es ob ta i ned from d rought c rack s  conta i ned egg s , whe reas  83 . 3% 
of samp l es  ob ta i ned from st ubb l e  � th no d roug ht c ra c k s  and  7 3 . 3% o f  
s amp l es  ob ta i ned from mol db oa rd o r  c hi se l  p l owed fi e l d s  conta i ned egg s .  
Egg  numb e rs recov e red from eac h di stance  i nt e rv a l we re an a l yzed to 
determi ne  i f  ov i po si t i o n  wa s i n fl uenced by di s tance  i n to  the  fi e l d ,  b ut 
showed that  no di ffe renc es  exi s ted b etween di s tanc es . No di rec t c om­
pa ri son s we re made  b etween egg numb er s  ob tai n ed from the  v a ri o u s  
s t ubb l e  condi ti o n s  b ec au se  eac h samp l � n g met hod ext racted di ffe rent 
v al umes of  soi 1 .  
Tab l e 1 5  g i v es desc ri pti o n s  of eac h sma l l g rai n st ubb l e  fi e l d 
f rom whi c h  soi l sampl e s  we re  ob tai ned .  NC R adu l t count s ob ta i n ed i n  
the  adj ac en t co rn fi e l d and av erage  n umb e r  of egg s  recov e red per 0 . 5  1 
o f  soi l per fi e l d a re a l so  s hown ( thi s wa s the comb i ned av erage  of  a l l 
t h ree sampl i n g met hod s ) . E g g  numb er s  ob ta i n ed from eac h fi e l d s howed 
no re l �ti onsh i p to the n umb e r  of NCR i n  the adj acent  c o rn fi e l d s . t he 
hi ghest numb er of eggs  were rec ov e red from fi e l d 5 ,  whi c h  h ad  5 . 96 
b eet l es pe r pl ant . A l so , no  t rends  were appa rent  b etween egg numb e rs  
and weed rati n g s  o r  hei ght . I t  wa s expected that  mo re egg s  wou l d b e  
recov e red i n  ta l l , den se st ubb l e , howev er thi s di d not occ u r .  Thi s 
s uggest s that  weed  cov er and N C R  ov i posi ti on  are  not re l ated and  ov i po­
si ti on  i n  the st ubb l e  i s  i n fl uenced by some oth e r  factor .  
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Tab l e  1 5 .  Fi e l d desc ri pti ons  and egg counts  from si x sma l l g rai n 
stubb l e  fi e l d s  and NCR  adu l t coun t s  from corn fi e l d s  adj ac ent  
t o  the st ubb l e , 1 981 . 
Wee db 
rati ngs 
Av e weed Hi g he st # Av e # 
1 981  Sma l l 
g rai n c rop 
Domi nant  
weeds  a 
h ei g ht NCR /p l ant  e g g s /0 . 5 1 of 
Fi e l d (em) i n  c o rn s oi l / fi e l dc __ 
1 
2 
3 
4 
5 
6 
Oat s 
Bar l ey 
Ba r l ey 
Wheat 
Wheat 
Oat s  
SF , K ,  R T  Moderate 39 
GFT Spa rse  25  
GFT , WBN Den se 38 
GFT Moderate 46 
GFT Dense  3 5  
GFT , SF Dense  33 
9 . 66 
7 . 82 
6 . 86 
6 . 1 6 
5 . 96 
5 . 04 
2 . 50 
2 . 1 7  
2 . 28 
0 . 6 7 
3 . 78 
1 . 50 
a GFT  = G reen  foxtai l ;  SF = Wi l d  s u nf l owe r ;  K = Koc hi a ;  RT = R u s s i a n  
t hi st l e : W BW = Wi l d  b uckwheat . 
b D en se = 1 6  o r  more g ra s s e s  o r  b road l eaf  weed s/l /4m2 
Moderate = 9- 1 5  more g ra s s e s  o r  b road l eaf weeds/ l /4m2 
Spa rse  = 0-8 g ra s s e s  o r  b road l eaf  weeds/ l /4m2 
c Sum of a l l t h ree l oc ati o n s  samp l ed per fi e l d 
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D I SCUSS ION  
Hi l l  an d Mayo ( 1 980 ) ob se rv ed that  the  NCR  made  up  7 1 . 4% o f  t he  
rootwo rm popu l ati on  i n  co rn  fo l l owi n g  oat s  and 52 . 0% o f  t he  popu l ati on  
fol l owi n g  soyb eans . The  res u l t s  presented here i nd i c ated that  t h e  NCR  
made up a l most 1 00% o f  the  rootwo rm spec i e s  i n  corn  fol l owi n g  soyb ean s 
and  1 00% of  the  rootwo rms  i n  c o rn fo l l owi n g  sma l l g rai n s .  Di ffe rence s  
b etween t h e s e  data are rel ated t o  t h e  fac t  t hat  WCR popu l ati on s  i n  
Sout h D a kota hav e b een  v ery l ow si nce  1 97 7 . A sev e r e  d ro u g ht du ri n g  
the  summe r of 1 9 76 res u l t ed i n  a d ra sti c reducti o n  i n  t he  amoun t  of  
food av ai l ab l e  fo r WCR .  S i n c e  WCR feedi n g  hab i t s  a re  more c l o se l y  
assoc i ated � t h corn  than  are t h e  NCR ( L u dwi g and Hi l l  1 97 5 ) , t h ey we re 
more sev erel y affected by the d rought . D ry soi l s  and sev ere  wi n t e r  
temperatu res du ri n g  1 976- 7 7  a n d  1 97 7 - 78 ( G u sti n 1 981 ) may hav e co�h i ned 
to cause  heavy WCR egg  morta l i ty ,  res u l ti n g  i n  the l ower numb e rs of  WCR 
i n  South  D a kota . 
C i n ersk i  and C h i ang  ( 1 968 ) stated  that  NCR fed on weed s out si de  
t h e  c o rn , b ut retu rned speci fi c a l ly  to the  corn fo r ov i po si ti o n . R e­
s u l ts  p resented i n  Tab l es 2 ,  3 a n d  7 s how that  NCR ov i po si t i on  occ u rred 
common l y  out si de  the co rn fi e l d and were ov i posi ted i n  s uffi c i ent  n um­
b ers  to cause  sub sequ ent  economi c damage by the  l a rv ae . T h e  occ ur rence 
of root damage  that  exc eed ed the  economi c th resho l d i n  corn  fo l l owi n g  
sma l l g rai n st ubb l e  qu esti o n s  the  effec ti v enes s  of c ro p  rotat i on  as  a 
cont rol mea s u re .  Beca u se  1 a rg e  numb e rs of fi e 1 d s  were  t reated wi t h  
soi l i n secti c i des , fu l l a s s essment o f  fi r st yea r  damage was not  
possi b l e .  Howev er , had i n sec ti c i des  hot  b een  used i t  i s  p rob ab l e  mo re  
rootwo rm damage wou l d  hav e b een ob se rv ed .  
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NCR mov ement i n to soyb ean s and sma l l g rai n st ubb l e  corresponded 
to a dec l i n e i n  NCR i n  adj ac ent  cornfi e l d s  ( Fi gu res  2 a n d  3 ) .  The  
dec rease  i n  NCR n umb ers  i n  the co rn wa s rel ated to i nc rea si n g  co rn 
mat u ri ty . Thi s sugg est s that  as  food b ec ame l es s  av ai l ab l e  i n  t he  c o rn 
the  NCR d i s persed i n  sea rc h  of ot h e r  food  so u rc es . Peak  NCR n umb ers 
occ u rred out si de  the c o rn i n  l ate  August  ( i n b ot h  soyb ean s and  st ubb l e ) 
whi c h  a l s o  coi nc i des  wi t h  the  pe ri od of g reatest rootwo rm ov i posi ti on . 
S h o rt and Hi l l  ( 1 972 ) ob se rv ed that  1 00% of  WCR we re ov i pos i ti n g  22  to  
33  d ays after  peak  ad u l t emergence . R e s u l t s presented i n  Fi g u re 1 
i nd i c ated that  peak  ad u l t emergenc e i n  two co rnfi e l d s  l oc at ed i n  th e 
soyb ean st udy area occ u rred 3 0  t o  3 1  d ays ahead of pea k  NCR mov ement 
i nto  the  soyb ean s .  Si mi l a r ly , the di ffe renc e wa s 27 d ays i n  the smal l 
g rai n st udy area . Thi s i s  si g ni fi c a nt  b ecau se  NCR  m ov ement out si de  the  
c o rn fi e l d i s  predomi nant l y  fema l e (C i n e rsk i  1 966 ) , whi c h  s u g gest s that  
p e ri ods  o f  peak  mov ement and  ov i posi ti o n  occ u r  si mu l t a n eou s l y .  B a s ed 
o n  thi s ,  i t  appear s  t hat  NCR ov i posi ti o n  i n  soyb ean s and  sma l l g rai n 
stubb l e  occu rs du ri ng  thi s pe ri od of pea k  acti v i ty .  Whet h e r  mov ement 
occ u rs from the stubb l e  b ac k  to  the corn cou l d not b e  det e rmi n ed .  
Howev e r ,  Ludwi g and Hi  1 1  ( 1 975 ) <b se rv ed that no mo re than  2 6% o f  the  
gut  contents  of ei t h e r  sexes  of  ei t h e r  speci es  conta i n ed co rn  p l u s  weed 
po l l en ,  whi c h  suggested that  most corn rootworms do not mov e b ac k  and 
fo rt h  b etween co rn and weed s to feed . 
No appa rent rel ati o n sh i p wa s noted when root  damage  rati n g s  
( Tab l e  7 ) were  compa red to desc ri pti ons  of  stubb l e  fi e l d s  d u ri ng  1 980 
( Tab l e  5 ) . Howev er , 1 0  of 1 4  fi e l d s  �1e re t reated wi t h a soi l 
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i n secti ci de  whi c h  di d not  a l l ow a compa ri son  b etween the  weed rat i n g s , 
etc , and  root rati ng s  i n  t reated fi e l d s . The damage  that  occ u rred i n  
t he remai ni n g  fou r unt reated fi e l d s  s h owed that  rootwo rm ov i posi ti on  
wa s not i n fl uenced by weed cov er .  Thi s wa s i l l u st rated  i n  fi e l d s  1 5  
a n d  1 7  (Tab l es 5 and  7 )  whi c h  we re b ot h  mol db oa rd p l owed i n  ea r l y  
Au gust  b efo re pea k  ov i posi ti o n  occ u rred . Nei t h e r  fi e l d had  reg rowt h 
a ft e r  pl owi n g ,  yet b ot h  i nc u r red  root dama ge i n  1 98 1 , wi t h  root rati n g s  
o f  3 . 56 a n d  2 . 36 ,  res pecti v el y .  Th e remai n i n g  two unt reated  fi e l d s  . 
( fi e l d s  7 and  9 )  h a d  mod e rate weed  rati n g s  b ut had  root rat i n g s  of 3 . 09 
and  3 . 20 ,  res pecti v el y .  
NCR adu l t nu�b er s  ca u g ht wi t h  a · sweep net i n  b ot h  t h e  soyb ean s 
a n d  st ubb l e  i ndi c ated t hat � b o rder  affect occ u rred (Tab l e  6 ) . Hi ghe r 
numb er s  we re ob tai  ned  c l o s e r  to the  edg e  of the corn  b u t  dec reased  as 
di s t ance  i nto  the  soyb ean s o r  st ubb l e  i nc reased . A si mi l a r pat t e r n  wa s 
ob s e rv ed by K a u fman n ( 1 966 ) i n  a l fa l fa and  by Hed ri c k  ( 1 978 ) i n  sma l l 
g ra i n stubb l e . Howev e r ,  root rati n g s  ( Tab l es 2 ,  3 a nd 7 )  f rom corn­
fi e l d s  fol l owi n g  soyb ean s  and  sma l l g ra i n st ubb l e  s h owed t h at no  si g ni ­
fi c ant  di ffe rences exi sted  b etween root rati n g s  ob ta i ned  at a ny 
di s t a nce  up  to  90 m .  N o  att empt wa s made t o  ana l yz e  root rati n g s  from 
t reated fi e l d s  sepa rat e l y  b ec a u s e  patte rn s  of damage  that  occ u rred i n  
t reated fi e l d s  we re not di ffe rent from those  unt reated . F u rt h e r  ev i ­
dence to s upport thi s i s  s hown i n  Tab l e  1 ,  whe re adu l t emergence  t raps  
i n  co rn fo l l owi n g  soyb eans  and  oat s  sh owed no di ffe renc es i n  the  num­
b e rs of NCR t h at eme rg ed as  di s t ance  i nto  the  corn (wh e re oa t s  o r  
soyb eans  h a d  prev i ous l y  b een ) i nc rea s e d .  Thi s s uggest s t h a t  NCR ad u l t 
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mov ement i nto  soyb ean s or  stubb l e  and  ov i pos i ti on  si t e s  se l ecti o n  a re 
i nd ependent fact o rs . 
The  pu rpose  of  a n a l yzi n g  di stance  as  a fac t o r  wa s t o  det e rmi ne  
i f  i t  wou l d  be  fea s i b l e  to  t reat on l y  the  rows of t he  cornfi e l d that  
b o rd e red c o rn the  p rev i ous  yea r .  Thi s wou l d  hav e a l l owed rec ommen­
dat i o n s  o f  t reati n g  on l y  t hose  rows wi t h  i n secti ci d e s  whi c h  wou l d  hav e 
l owered the  amou nt of  i n secti c i des  used  on fi rst yea r  c o rn . Howev er , 
t he s e  res u l t s i ndi c ated  t h at si gni fi c ant l a rv a l  damage occ u r red up to  
90 m from the edg e  of  the  fi e l d .  Th u s , rec ommendati o n s  ca n not b e  mad e  
to  t reat t he  b o rd e r  rows on l y . 
The  one facto r t hat  appea red to i n fl uence fi r s t  ye a r  corn  
d amage  fo l .l owi n g  sma l l g ra i n s  wa s NCR adu l t numb e rs  i n  the  co rnfi e l d 
a dj acent to  the  st ubb l e  t he  prev i ous  yea r .  Popu l at i o n  pres s u res  i n  the  
c o rn ( coup l ed wi t h  i nc reas i n g  corn  mat u ri ty ) appea red to  i n f l uence  NCR  
di s pe rsa l to adj acent  stubb l e  fi e l d s  i n  l a rge numb e rs whi c h  re su l ted i n  
s uffi c i ent  ov i posi ti on  to  damage  corn the  fo l l owi n g  yea r .  P rue s s  et a l  
{ 1 974 ) ob se rv ed that  WCR  mi g rated from cornfi e l d s  wi t h  hi g h  popu l ati on 
den si ti e s  to fi e l d s  wi t h  l owe r den si ti es . A si mi l a r den si ty dependent 
facto r may caus e NCR to di s pe rse from co rn to the  st ubb l e . Dat a  to 
suppo rt thi s i s  s h own i n  T ab l e  7 .  C o r n fi e l d s  prev i o u s l y  i n  smal l 
g rai n s  that  had  NCR adu l t count s ran gi n g  from 4 . 52 t o  1 1 . 68 NCR pe r 
p l ant  i n  the  co rn adj acent to  the  stubb l e  i n  1 980 , s u s t ai n ed l a rv a l 
feedi n g  damage  i n  1 98 1 . Thi s t rend s uggest s that  hi g h  NCR n umb e r s  mu s t  
b e  p re sent i n  cornfi e l d s  adj acent to  t h e  stubb l e  t he  prev i o u s  yea r fo r 
d amage  to  occ u r  to  the  co rn fo l l owi n g · the  sma l l g ra i n c ro p . 
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Soi l sampl i n g for NCR egg s  i ndi c ated that  ov i pos i ti on  occ u rred 
i n  a l l soyb ean and s tubb l e  fi e l d s  samp l ed i n  1 980 (T ab l es 4 a nd 5 ) . 
Howev er , the  l a rg e  numb er o f  fi e l d s  that  we re t reated � t h i n s ect i c i des  
i n  1 981 made compa ri s o n  b etween root rati n g s  and  egg  cou n t s  i mposs i b l e . 
Soi l samp l es  taken i n  1 981  i ndi c ated that NCR ov i posi t i o n  oc c u rred i n  
stubb l e  � t h o r  wi t hout  v egetati v e  cov er .  Al t hough  not  si g ni fi c a nt l y  
di fferent , l owe r egg numb e r s  we re ov i pos i ted  on p l owed g ro u n d  
sugg esti n g  that v eget a ti on  may i n fl uence  some ot h e r  fac t o r ,  po s si b l y 
s oi l moi stu re ,  res u l ti n g  i n  mo re ov i posi t i o n  i n  a re a s  wi t h v egetati on . 
I t  may b e  po s si b l e  to ti me ti l l age  t reatment s to  ma k e  t he  p l owed 
stubb l e  l es s  att racti v e  fo r ov i posi ti on . F rom ti l l age  dat es  i n  1 980 
( Tab l e  5 ) no  t rend s  we re ob s e rv ed as  to a spec i fi c pe ri od wh en  ti l l age  
wou l d hav e the  mos t  affec t on sub sequent l a rv a l  damage , b ut under  more 
c ont rol l ed condi ti o n s  a t rend may exi st . No  di ffe ren c e s  exi s t ed b e­
tween egg numb e rs  oo ta i n ed i n  st ubb l e  wi t h o r  wi t h o ut d ro u g ht c rac k s , 
s uggest i n g  that  soi l samp l es  can  b e  ob tai ned from b ot h  l oc at i o n s  a s  
nei t h e r  l ocati on  i s  prefe rred ov er t h e  ot h e r  a s  an  ov i po si t i on  si t e .  
Hei n { 1 981 ) i nv esti g ated  t h e  u s e  o f  comme rc i a l l y  av a i  1 ab 1 e 
sti cky t ra ps i n  c o rn t o  mea s u re rootwo rm po pu l ati o n s  and  compa re them 
to sub sequent  l a rv a l d amage .  He  ob tai  ned l ow ca rre l  ati  o n s  b etween corn 
rootwo rm adu l t cou n t s  on the  sti cky t ra p s  and  root rat i n g s  from t h e  
fol l owi n g  yea r .  Howev e r , t he  potenti a l  wa s demonst rated fo r thei r u s e  
a s  a samp l i n g  too l t o  predi c t  dama ge t h e  fo l l owi n g  yea r .  F u rt h e r  
resea rc h � t h st i c ky t ra p s  i n  t he  st ubb l e  rnay show si mi l a r resu l t s .  
Sti c ky t raps  hav e a n  adv antage  ov e r  th e sweep net a s  a samp l i n g  
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tec hn i que  i n  the st ubb l e  b ec a u s e  they a re not a ffected  by ti me of  day , 
h ei ght or  den si ty of t he  st ubb l e  or  ti l l age  of the  fi e l d ( t h ey c a n  b e  
repl aced i mmedi a t e l y  a ft e r  any ti l l age  ope rati on ) . Th e s e  adv antages  
make  the  sti cky t ra p  wo rt h fu rt her  experi mentati on  as  a samp l i n g  met h od 
fo r NCR i n  sma l l g rai n st ubb l e . 
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C ONC LUS I ONS 
1 .  The NCR wa s the  p ri ma ry corn rootwo rm spec i es  fou n d  i n fe sti n g  corn 
fol l owi ng  soyb ean s and  sma l l grai n s  i n  Sout h D a k ota  i n  1 980 a nd 
1 981 . 
2 .  Root rati n g s  ob tai ned from co rn fo l l owi n g  soyb ean s  i ndi c ated  that  
l a rv a l  feedi n g  damage wa s ev i dent b ut di d not  exceed t h e  ec onomi c 
t h resho l d i n  any fi e l d s  samp l ed .  I n  corn fo l l owi n g  sma l l g rai n 
st ubb l e , ec onomi c damage  occ u rred i n  8 o f  1 9  fi e l d s . The  n umb er of 
fi e l ds  experi enci n g  ec onomi c damage i n  corn fo l l owi n g  soyb ea n s  and 
sma l l g rai n s  prob ab l y wou l d  hav e b een  hi g he r  but cou l d not b e  
dete rmi ned b ecau se  o f  t he l a rge n umb e r  o f  fi e l d s  t r eated � t h a 
soi l i n secti ci de . 
3 .  NCR ad u l t numb ers  i n  the  soyb ean s  and  sma l l gra i n st ubb l e  s howed a 
b o rder a ffect � t h hi g h e r  b eet l e n umb e rs  ob s e rv ed c l ose r to  the  
c o rn and  l owe r numb e rs  ob s e rv ed a s  di stanc e from the  edg e  of the  
corn i nc reased . Howev er , root rati n g s  ob tai ned from t h e  c o rn and  
b eet l e numb e rs  ob ta i ned  i n  emergence t raps sh owed that  no di ffe r­
ences exi sted b etween root rati n g s  o r  the numb e rs  of b eet l es  t hat  
emerged from v a ri ou s  di stances  up  90 m i nto  the  co rn  (whe re 
soyb ea n s or  stub b l e  we re prev i ous l y  pl anted ) . Thi s s u ggest s t ha t  
N C R  a du l t mov ement patt e r n s  a n d  ov i posi ti o n a l  hab i t s  a re i ndepen­
dent of eac h othe r .  
4 .  Fi e l d s  from whi c h  e g g  samp l es  o r  root rati n g s  we r e  ob ta i n ed s howed 
t hat  NCR ov i posi ti o n  common l y  occ u r red i n  soyb ean s and  sma l l g rai n 
st ubb l e . 
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5 .  The l a rge numb e r  of fi e l d s  t hat  we re treated � t h soi l i n sec t i c i d e s  
di d not a l l ow compa ri son s b etween weed rati n g s  a nd  sub sequent  root 
rati n g s . Howev er , i n  unt reated fi e l d s  i t  appea red t hat  weed g rowt h 
in the  stubb l e  di d not i n fl u enc e NCR ov i posi t i on . 
6 . NCR popu l ati o n s  i n  the corn fi e l d i mmedi ate l y  adj ac ent  to the  smal l 
g rai n st ub b l e  appea red to i n fl uence sub sequent  root damag e  i n  corn 
fo l l owi n g  the  sma l l g rai n s .  NCR po pu l ati on s of 4 . 52 b eet l es  per  
p l ant  o r  hi g h e r  we re found  capab l e of caus i n g  damage  t he  fo l l owi n g  
yea r .  
7 .  E g g  n umb e rs  rec ov e red from soi l samp l es  taken  i n  mol db oa rd p l owed 
or unti l l ed st ubb l e  i n di c ated that  mo re eg g s  we re ov i po s i ted  i n  
a reas  � t h v egeta ti on , b ut t h e se di fferenc es  we re not si g ni fi c a nt . 
8. Sti c ky t raps  showed potenti a l  as  s amp l i n g too l s fo r mo n i t o ri n g  NCR 
mov ement i nto sma l l g rai n st ubb l e . 
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APP END I X  
ANOVA FOR ROOT DAMAGE  RAT I NGS FOLLOW I NG SOYBEAN S ( 1 980) 
Sou rc e  
R e p  
Di stance  
E rro r 
P oo l ed E r ro r Te rm 
dF 
2 
3 
42 
Ms 
0 . 53 
0 . 07 
0 . 58 
52 
F 
. 91 
. 1 2 
ANOVA FOR ROOT DAMAGE RAT I NGS FOLLO W I NG SMALL GRA I NS ( 1 980 ) 
Sou rce  
Rep  
. Di stance  
E r ro r  
P oo l ed E r ro r Te rm 
dF 
2 
3 
54 
Ms 
0 . 42 
1 . 09 
0 . 98 
53 
F 
0 . 42 
1 . 1 0 
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ANOVA FOR ROOT DAMAGE RAT I NGS FOLLOWI NG SMALL GRA I NS (1 981  
Sou rc e  dF MS F* 
F i el d 8 3 . 22 1 4 . 93** 
D i stanc e 3 1 . 21 1 . 83 
F * D 24 0 . 66 3 . 05 
E r ro r 1 08 0 . 22 
** Si gni fi c ant  at . 0 1 Lev e l  
* F i e l d s - R a ndom ;  Di s tance  = F i xed -
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ANOVA FOR FL I G HT TRAP I N  SMALL GRA I N F I E L DS , 1 981  
Sou rc e  dF MS F* 
F i e l d 2 261320 . 95 1 1 8 . 1 5** 
D i stance  2 55942 . 02 4 . 49 
F * D 4 1 2441 . 50 5 . 63** 
Hei ght  2 1 3 996 1 . 50 1 . 62 
F * H 4 863 92 . 26 39 . 06 ** 
D * H 4 1 3 742 . 02 . 2 . 24 
F & D & H 8 6130 . 09 2 . 7 7 ** 
E r ro r 1 08 22 1 1 . 83 
** Si gni fi c a nt  at . 01 Lev e l  
* Fi e l d s = R a ndom ;  Di st ance  a n d  H ei g ht - F i xed 
Sou rc e  
Fi e l d 
T reatment s  
F * T 
Rep  ( F * T ) 
E rro r 
** Si  g ni fi cant  
ANOVA FOR NCR  OV I POS I T I ON UNDER  CAGED 
COND I T I ONS IN  SMALL GRA I N STU BBL E , 1 981  
dF MS 
1 1 1 69 . 01 
2 1 8 . 00 
2 1 1 . 1 6 
1 8  79 . 50 
72 97 . 3 5 
at . 01 Lev e l  
* R eps = Ra ndom ;  Fi e l d s  a n d  T reatment = Fi xed 
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F* 
1 4 . 70** 
0 . 23 
0 . 1 4 
0 . 82 
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ANOVA FOR EGG SAMPLES  RECOVERED FROM STUBBLE W ITH DROUGHT CRACKS , 1 98 1  
Sou rce dF MS F 
Fi e l d 4 8 . 18  1 . 1 2 
Di st ance  3 1 0 . 42 1 . 43 
F * D 1 2  5 . 4 7  0 . 75  
E r ro r  40 7 . 28 
Fi e l d s = R a n dom ; Di stance = F i xed 
Sou rce  
Fi e l d 
Di st a nc e 
F * D 
E rro r 
F i e l d s = R a n d om ; 
ANOVA FOR EGG SAMP L E S  R E C O V E R E D  F R O M  
STUBBL E W I THOUT D R O U GH T  C RA C K S , 1 9 8 1  
dF MS 
4 9 . 89 
3 0 . 1 9  
1 2  3 . 1 8  
40 4 . 73 
Di s tance = F i xed 
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F 
2 . 09 
0 . 04 
0 . 67  
Sou rce  
Fi e l d 
Di stance  
F * D 
E r ror 
** Si g ni fi cant  
ANOVA FOR  EGG SAMPLES  R ECOV ERED FROM 
MOLDBOARD OR CH I SEL  PLOWED STUBBL E , 1 981  
dF MS 
4 1 3 . 6 7  
3 4 . 02 
1 2  2 . 4 7 
40 2 . 55 
at  . 01 L ev e l  
F i e l d s  = R a ndom ;  Di stance  = Fi xed 
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F 
5 . 36** 
1 . 58 
0 . 97 
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